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PURPOSE OF INVESTIGATION 


Insect powder, has been widely adulterated, much to the detriment 
of the industry.. The mest serious form of this adulteration has been 
the addition of the powdered stems of the plant to the powdered 
flowers, which, in some cases, has been carried to complete substitu- 
tion. The work reported in this bulletin was undertaken for the 
purpose of devismg methods for the quantitative determination of 
such adulteration, of determining reasonable allowances for stems 
and acid-insoluble ash in insect powder, and of isolating and deter- 
mining the chemical nature of the active principles of insect powder. 


DEFINITION 


The Insecticide and Fungicide Board of the United States Depart- 
ment of Agriculture (143) ' recognizes as insect powder an insecticide 
made from the powdered flower heads of the following species of 
Chrysanthemum : 

1. Chrysanthemum (Pyrethrum) cinerarixfolium (Trev.) Bocce. 

2. Chrysanthemum (Pyrethrum) rosewm Web. & Mohr. 

3. Chrysanthemum Marshallia Aschers. (synonym, Pyrethrum car- 
neum M. B.). 


1 Numbers (in italic) in parentheses refer to the bibliography (p. 78). Where the letter ‘‘S” is used 
reference is made to the supplemental bibliography (p. 92). 
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Pyrethrum is a section of the genus Chrysanthemum, which 
belongs to the Compositx. The following good description of the 
two species of Pyrethrum commonly used for propre insect powder 
is given in Bailey’s Standard Cyclopedia of Horticulture, vol. 2, 
p. 757 (New York, 1914): 

Chrysanthemum coccineum, Willd. (Pyrethrum roseum, Bieb., not Web. & 
Mohr., P. hybridum, Hort.). Glaubrous perennial, 1-2 ft. high; stem usually 
unbranched, rarely branched at the top; leaves thin, dark green, or in dried 
specimens dark brown; involucral scales with a brown margin; rays white or 
red in such shades as pink, carmine, rose, lilac, and crimson, and sometimes 
tipped yellow, but never wholly yellow. Caucasus, Persia. 

_Chrysanthemum cinerarizfolium, Vis. Glaucous perennial, slender, 12-15 in. 
high; stems unbranched, with a few short, scattered hairs below the flower; 
leaves long-petioled, silky beneath, with distant segments; involucral scales 
scarious and whitish at the apex. Dalmatia. 


HISTORY 


While all accounts of the early history of insect powder do not 
agree, the fact that the flowers of certain species of Pyrethrum 
possessed the property of killing various insects was known to the 

eople of eastern Kurope more than a century ago. Thus, according 
to Siedler (257), insect flowers have been known for more than 100 
years in Dalmatia, under the name “‘ Polvere de Pulisi.”’ 

The first published reference to the nature of insect powder was 
made in 1851 by Koch (161), who stated that the flowers of P. rosewm 
and P. carneum yield the celebrated Persian insect powder. Another 
early writer on insect powder stated that its nature was kept a secret 
from western Europe until early in the nineteenth century, when 
Sumttoff (5), an Armenian merchant, while traveling in the Caucasian 
region, discovered that insect powder was made from the ground 
flower heads of Pyrethrum roseum and P. carneum. In 1818 Sumt- 
toff’s son began the manufacture of the powder on a large scale, and 
about the same time the powder was first exported in large quantities 
to European countries. It is said, however, that for some time 
before 1818 Russia had been consuming upward of 200,000 pounds 
annually. Browne (38), Riley (223), and several later writers give 
the same account of the discovery of the nature of insect powder, 
except that the name of the first manufacturer appears as Jumtikoff 
(7), and the first year of manufacture as 1828. Noodt (205), in 1858, 
stated that insect powder was known to the inhabitants of Trans- 
caucasia as ‘‘cuirila.”” In this connection it may be of interest to 
know that the name Buhach, applied to insect powder made from 
flowers grown in California, is derived from the Slavonic word Buha, 
which signifies a flea. The word Buhach, however, does not appear 
in the Slavonic language (55). 

According to MacOwan (1/84), the nature of insect powder was 
made known to Russian military authorities in the Caucasus by some 
Tcherkess prisoners. The cantonments there swarmed with fleas 
that could apparently be destroyed only by a powder prepared from 
Pyrethrum roseum, the secret of which was known to the natives. 

As to the discovery and history of the Pyrethrum cinerarizfolium, 
from which the Dalmatian insect powder is prepared, still less seems 
to be known, but it is probable that its history as been very sumilar 
to that of the Persian powder. De Visiani (67), in 1854, first men- 
tioned the use of the plant as an insecticide, and Frontali (88), 
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in 1858, remarked that the powder prepared from the flowers of 
P. cinerarizfolium had been used for many years in destroying certain 
insects. Riley (222), in 1881, stated that it was impossible to obtain » 
definite facts on the cultivation of this plant in its native home, as 
the inhabitants were unwilling to give information concerning a 
plant the product of which they wished to monopolize. Similarly, 
oreat difficulty was experienced in getting even small quantities 
of the seed of P. cinerarizfolium that had not been baked or other- 
wise treated to prevent germination. 

Juttner (150) quotes from an article which traces the discovery 
of the effect of the flowers of this plant on insects back to 1840. 
A German woman living in Ragusa, Dalmatia, picked for decora- 
tion a bunch of wild flowers, which later, as they became withered, 
she threw into a corner. After several weeks she noticed that many 
dead insects lay near the flowers. This led to the discovery that the 
death of the insects was due to some virtue possessed by the flowers. 
Thereupon she undertook the production of insect powder, which, 
after her death, was continued by a pharmacist of Ragusa. 

According to Linke (173), Persian insect powder was introduced 
into Kurope in 1846, at Vienna, by Zacher! of Tiflis. Willemot (294) 
states that the first powder of Pyrethrum was introduced into France 
for the destruction of household insect pests in 1850. The powder 
came exclusively from provinces of the Caucasus, Persia, and Dal- 
matia, that from the Caucasus being the best. 

Insect powder was introduced into the American drug market 
shortly before 1860 (1). No figures on the production of insect 
flowers in the United States are available, and the total here con- 
sumed can not be accurately stated. Consumption, however, has 
increased tremendously in recent years. According to the com- 
mittee on the drug market of the American Pharmaceutical Associa- 
tion (159, 160, 191), the importation of insect flowers and powder 
at the port of New York for the fiscal years 1885 to 1887, inclusive, 
was as follows: 


TaBLE 1.—Importation of insect flowers and powder at the port of New York, 
1885 to 1887 


Product 1885 1886 1887 
Pounds Pounds Pounds 
THA CIEE G WOES ee eee nets) eins ceceke ss WSR | ees Bese 165, 505 240, 170 262, 000 
VARESE FID Chee ieee el aE et eS ee Pe | Seen ee es eee | 456, 609 302, 817 335, 000 
BN Ohler tet eek ee ae tes Pry a en) ne atey bt) perk 622, 114 542, 987 597, 000 


According to the Oil, Paint and Drug Reporter (vol. 107, p. 48), 
the importation of Pyrethrum, or insect flowers, from 1918 to 1924 
was as follows: In 1918, 2,298,476 pounds, valued at $422,751; in 
1919, 3,399,026 pounds, valued at $667,374; in 1920, 6,827,700 
pounds, valued at $2,672,576; in 1921, 3,958,657 pounds, valued at 
$1,749,213; mm 1922, 2,600,093 pounds, valued at $789,988; in 1923, 
3,962,222 pounds, valued at $1,742,108; and in 1924, 2,950,269 
pounds, valued at $1,316,503. Before 1914 most of the insect flowers 
imported came from Europe. During the World War this supply was 
almost completely cut off. Since 1914 Japan has been the principal 
source of the insect flowers shipped into the United States. 
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CULTIVATION AND HARVESTING OF INSECT FLOWERS 


An account (5), written in 1856, describes the Pyrethrum plants 
as growing wild in the Caucasian Mountains at an elevation of from 
4,500 to 6,800 feet above sea level. They blossom in June and are 
harvested on a dry day, when an efficient cutter can collect from 30 
to 80 pounds a day. The flower heads are usually dried in the sun, 
although they act more powerfully when dried in the shade. | 

Several authors (150, 257, 261, S13) have described the cultivation 
of insect flowers in Dalmatia. According to a communication, under 
date of November 13, 1915, from Benjamin F. Chase, United States 
consul, the insect powder at Fiume is made from the blooms of a wild 
chrysanthemum (Pyrethrum cinerariefolium 'Treviranus), which 
srows in profusion on the east side of the Adriatic Sea, from southern 
Croatia to Montenegro, on the Dalmatian coast, in Herzegovina and 
Albania. The annual production for all of this territory is from 150 
to 200 metric tons. That exported is sent chiefly from Trieste, very 
little going out from Fiume. With the development of the trade in 
insect powder has come a cultivation of the wild variety. The plant 
srows best in rocky and barren hills with Jittie soil, especially in 
limestone formations. Humid or deep soil is not favorable for its 
growth. Warm and dry weather is supposed to be best, not only to 
develop the wild plant but to give it its special insecticidal virtue. 
The cultivated plant does not produce well the first year, but starts 
the second year, and, if well cared for, continues to grow from the 
same root for 20 years. It begins to bloom in May, and 1s first har- 
vested in early June. One hectare (2.47 acres) of the cultivated 
variety yields 111,100 plants, producing 2,000 kilograms (4,412 
pounds) of dry blooms. The bloom is in best condition for making 
the powder if cut before opening, or in the “‘bud.” It is cut off Just 
beneath the head. After cutting, the blooms are spread on cloths and 
dried in the sun. When thoroughly dry, they are ground into a fine 
powder by revolving stones, or by crushers working vertically. The 
finest powder is that obtained from the ‘‘buds” or the unopened wild 
blooms in the region of Krivosije, Dalmatia. The second quality, 
that from half-opened blooms, comes from Cittavecchia, Dalmatia. 
The third, from the full blooms, is produced in Ragusa, Dalmatia. 
The ‘‘buds” used in making the first-quality powder are very small, 
6 to 8 millimeters in diameter, and look like a large chamomile flower. 
The cultivated plants bear flower heads with a diameter of from 8 to 
10 millimeters, having the rays very close together and covering the 
crown, being again covered by involucral bracts. Powder of the third 
quality is prepared from flower heads with a diameter of from 10 to 
12 millimeters, almost disklike in form, many of them being without 
ray florets. 

After the nature of insect powder became known, the cultivation 
of Pyrethrum was taken up in several countries. Willemot (294) 
describes the growing of Pyrethrum roseum, introduced into France 
about 1856, and Heckel (123) discusses the cultivation of P. cinerarix- 
folium in the botanical garden of Marseilles. Efforts to grow 
C. cinerariefolium on a commercial scalo in southern France have 
been fairly successful (S16, S29). In Switzerland also the growing 
of insect flowers has been encouraged and seems promising (S10, 
S11, 812). 
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In Germany Pyrethrum roseum and P. carneum are reported by 
Schenck (242) as growing well as early as 1859, and their cultivation 
there was described in detail by Pauckert (209) in 1866. LExperi- 
ments made under the direction of the Agricultural High School on 
the cultivation of insect-powder-producing species of Chrysanthe- 
mum near Berlin in 1886, however, were unsuccessful (258). In 
1912 another effort was made to grow P. cinerariefolium in Germany 
by planting some seeds from Dalmatia in the garden of the Pharma- 
ceutical Institute of Berlin University. The winter of 1913-14 killed 
most of the plants. Nevertheless Siedler (258) believes the cultivation 
of Pyrethrum near Berlin can be made profitable. 

Kalbruner (151), in 1874, stated that in Austria Pyrethrum roseum 
and P. carneum were frequently seen in gardens, and Labler (166) in 
1889 described their cultivation there. The growing of P. cinerariz- 
foltum at Kroneuburg near Vienna is discussed by Kuraz (165). 

Semenoff (253), in 1878, stated that in the Caucasus the produc- 
tion of Persian insect powder made from the flowers of Pyrethrum 
roseum and P. carneum amounted to about 720,000 pounds annually 
in 1850, but that 20 years later 1t had decreased to less than one-third 
of this quantity, owing to the competition of the Dalmatian powder. 
The flower heads are collected from wild plants in June and July, 
and are dried first in the sun and then in the shade. 

Simmonds (259), in 1891, reported that the Pyrethrum wuillemotir 
(the name given to P. cineramefolium by Willemot) succeeds well 
in Algeria. Blinn (81) described the cultivation of Pyrethrum at the 
botanical station of Rouiba, Algeria, in 1903. From 500 to 900 kilo- 
grams (1,100 to 1,980 pounds) of dry flowers per hectare (2.47 acres) 
are obtained, depending upon the soil and the variety of Pyrethrum. 

Pyrethrum cinerarizfolium has been grown successfully in Gipps- 
land, the southeastern district of Victoria, Australia, by Paul Klee- 
sattel (17). The seeds were obtained from Zara, Dalmatia, and the 

lants are of the true Dalmatian type. Some powder prepared 
rom the flowers of these plants is said to have killing properties de- 
cidedly above the average. The cultivation of Pyrethrum in Victoria 
is described in a Melbourne agricultural paper (154). Hellier (126) 
sowed some seed of the P. Willemotii in 1872 at Grahams Town, 
Cape Colony, and also distributed packets of the seed. It grew well, 
and its insect-destroying power was “‘something extraordinary.” 
In 1883 Hellier distributed more seed, and in 1890 he reported that 
there were good specimens of plants at Waterford, in various places 
in Kaffraria, and near King Williams Town. 

MacOwan (184), of the Cape Town Botanic Garden, points out 
that Pyrethrum cinerarixfolium thrives best on an open, dry soil, 
not too clayey, as both the seed and the plant are easily killed by 
excessive moisture. The seed, which is sown about half an inch be- 
low the surface, germinates in approximately 30 days. As soon as 
the plants can be handled they are placed 6 inches apart, and three 
months later, 1 foot apart. The flowers are produced in the second 
year. In the same article it is stated that the plant appears to 
stand the winter in sandy loam in the south of England, but has not 
been observed to flower teal: 

In Japan the Pyrethrum cinerarizfolium has been grown for some 
time, and the manufacture of insect powder is a well-established 
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industry. The following information as to its cultivation there was 
furnished by George N. West, American consul at Kobe, under date 
of March 22, 1915: 

The species of Pyrethrum cultivated in Japan for the manufacture of insect 


powder is Chrysanthemum cinerarizfolium (white flower, commonly called “ Dal- 
matia’’). The C. rosewm (red flower, commonly called ‘“Persia’’) is also 


cultivated to a small extent, not only for the same purpose, but for the beauty 


of its charming flowers. : 

None of the species of Pyrethrum are natives of Japan, but have been intro- 
duced from foreign countries. As to their introduction, it is hard to say exactly, 
but the following are some of the most reliable traditions: 

1. During the year 1881, insect powder was first imported by one Tasaburo 
Shimidzu of Osaka from Bays (?) & Co., of England, through Morff & Co. of 
Kobe. 

2. Between the years 1884 and 1885 the seeds were imported from Dalmatia 
and cultivated by Ei-ichiro Murakami of Yasudamura, Arita County, Wakayama 
Prefecture. 

3. When Georg Hicotrust (?) was a consul for Austria in Japan, he at one time 
visited Nikko with a view of admiring the natural beauty of the place. It was 
autumn and the chrysanthemum flowers were blooming profusely along the sides 
of the road. He thought they looked like the chrysanthemum of his native 
country which was used for killing insects, and was surprised to see such a plant 
growing wild in Japan. He then imported from Austria a small quantity of the 
seeds which were sent to Wakayama in 1886. 

4. While Professor Tamari, present director of Kagoshima Higher Agricultural 
and Dendrological School, was a student in the United States, he sent some seeds 
from the California Agricultural School and the California Agricultural Experi- 
ment Station to Komaba (near Tokyo) Agricultural College. The seeds were 
planted there, and were thence distributed to every part of Japan. 

The plants are chiefly cultivated in the prefectures of Wakayama, Aichi, 
Okayama, and Hiroshima, of which the plantations in Wakayama Prefecture 
are most progressive. Hence the following method of plantation is principally 
taken from that of this prefecture: 

The seed time is twice a year—spring and autumn. When the seeds are sown 
in the spring the flower does not open in the same year, and therefore in warm 
districts autumn planting is considered best. Generally in the latter part of 
September or October a cold bed is prepared, and one-half gill of the best selected 
seeds, mixed with ashes of wood or fine sand, are sowed on each tsubo (about 4 
square yards), covering the whole surface slightly with well-sieved fine earth or 
sand. ‘Then the surface is pressed with boards and covered with straw or rice 
hulls, in order to keep the earth from becoming too dry. About 10 days later, 
when germinated, the straw or hulls are taken off. The seedlings are then thinned 
out 2 or 3 times, according to thickness, in order to make the intervals between 
them from 11% to 214 inches. Five or six weeks after budding, when the seed- 
lings have grown to a height of over 1 inch, a temporary nursery is prepared, 
and the strong seedlings are planted at intervals of 444 to 514 inches and the weak 
ones at intervals of 244 to 4inches. The following spring they are transplanted 
to a ridge 2 or 24% feet high, in a dry rice field, and to a ridge of 2 feet or of ordi- 
nary height in a vegetable field. The intervals between the seedlings when trans- 
planted should be 1 foot to 1 foot 3 inches. The fertilizers usually applied are 
1,560 pounds of natural forest loam, 40 pounds of superphosphate of lime, 80 
pounds of straw ashes, and 2,500 pounds of human excrement and urine for each 
quarter acre. There are no special methods for plowing, weeding, and irrigation. 
The plaats are propagated not only by seedlings, as just explained, but also by 
dividing the roots of the plants and transplanting them. After 4 or 5 years the 
plants become too old, and will not bear many flowers, making it necessary to 
divide their roots or to sow new seeds. 

Sticky or clayey soil should be avoided. Sandy soil is preferable, because the 
water drains freely. The slope of a hill or reclaimed land may also be used when 
care is taken and it is fertilized well. No analysis of the soil is obtainable. 
While in the nursery, a solution of sulphate of ammonia in water is applied, in 
addition to the fertilizers already mentioned. After transplanting in the spring, 
the same solution is applied. ‘The superphosphate of lime is also widely used. 
No manganese salt is applied as fertilizer, but most of the soil in Japan contains 
a small quantity of manganese. 

The flowers are generally harvested during the latter part of May or in June, 
during which period they are picked over four or five times. When harvested 
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before the flowers are opened fully, the crop is comparatively small, but if har- 
vested after full bloom, the strength of the powder for killing insects is lessened. 
Care should be taken to select the time of harvesting. The proper time is when 
the flower petals are fully opened, until their ends are on a level with the top of 
the calyx and the pollen is falling. Old men and women, carrying hand baskets, 
ean easily pick the flowers by holding them between the middle and fore fingers, 
and by pressing down at the top of the flower with the thumb. By shaking up 
and down, the flowers are soon separated from the stem. A woman generally 
can pick the flowers at the rate of about 40 to 50 pounds during the day. 

In some districts a simpler method of harvesting is adopted. At the time of full 
bloom, the flowers, together with their leaves and stems, are reaped about twice, 
with a tool like a short-handled rake with comb-shaped teeth, and dried in the sun. 
It should be added that powder made from flowers picked by this comb-toothed 
instrument is either inferior or no good, for the reason that flowers in all stages of 
blooming are thereby picked, whereas to obtain the full strength flowers must be 
picked at exactly the right stage of blooming which can be done only by hand. 

The flowers picked are spread on straw mats and dried in a sunny place, ex- 
posed to the wind. Then they are moved to a drying room, which should have a 
good draft. Shelves, similar to those used in sericulture, are made by laying down 
rush screens or old newspapers on the top, where the fiowers are arranged thinly 
and turned over twice or more a day. A few days later, when dried to a certain 
extent, they may be spread out thicker than at first. The drying is finished in 6 or 
7 days. When there is no drying room, they are dried entirely in the sun. By 
adopting this system, a much greater quantity can be dried in a shorter time, 
although it is inferior in quality compared with that dried in the shade. Drying 
in the sun takes only three days in fine weather. If the drying takes too long, the 
flowers lose their strength. Drying has reached the proper stage when the flowers 
ean be roughly powdered by breaking them into small pieces upon rubbing with 
the thumb and forefinger. Artificial heat is also applied at large factories, the 
standard of the heat being 150° F. 


In addition to the districts named by West, the provinces of Ki-i 
and Mikawa are mentioned by Fujitani (89) as supplying flowers. 
Herrera (129) states that the C. cinerarizxfolium grows well in Mexico. 

Efforts to introduce the cultivation of Pyrethrum into this country 
were made by the United States Department of Agriculture as early 
as 1859. In that year Bishop (30) reported that 250 plants of Pyre- 
thrum caucasicum were in the course of cultivation in the Experimental 
and Propagating Garden at Washington, D. C. Markoe (188) de- 
scribes the growing of P. roseum by Asa Gray in the Cambridge, Mass., 
Botanical Garden from seeds distributed by the Government in 1859. 
The seeds yielded by the American-grown plants were sown but did 
not germinate. The root stocks of the’old plants, however, threw u 
shoots in the second year. Gray was of the opinion that the cul- 
tivation of the plant could be made profitable in this country. In 
1860 Abel (1) stated that he was informed by persons receiving some 
of this seed that the plants were in a flourishing condition. In the 
_ eighties the United States Department of Agriculture renewed its 

efforts to establish the cultivation of insect-powder-producing plants. 
In Washington, D. C., Riley (222) obtained good results. He dis- 
tributed seed to correspondents in Alabama, California, Dakota, 
Georgia, Illinois, Indiana, lowa, Kansas, Kentucky, Maryland, Michi- 
gan, Mississippi, Missouri, New Hampshire, New Jersey, New York, 
North Carolina, Ohio, Ontario, Pennsylvania, Vermont, and Virginia, 
but in all the States, except California, the results were unfavorable, 
due, apparently, largely to drought and bad seed. 

On the other hand, better results were obtained by persons more 
familiar with growing plants. Thus Peter Henderson wrote Riley 
(222) regarding P. rosewm: ‘I have grown the plant and its varieties 
for 10 years. It is of the easiest cultivation, either by seeds or 
divisions. It now ramifies into a great variety of all shades, from 
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white to deep crimson, double and single, perfectly hardy here, and 
I think lkely to be nearly everywhere on this continent.”’ Pyre- 
thrum roseum was also grown successfully at Germantown, Pa., and 
at Archer, Fla. (222), from seed furnished by Riley. In 1884 Riley 
(225) reported success in growing Pyrethrum in Virginia and in 
Maryland, and in 1885 (226) in Arkansas and Florida. 

King (155), in 1886, reported the results of efforts to grow P. 
roseum in different States. At the Connecticut Experiment Station 
plants from seed sown in 1884 bloomed in 1885, and then died. At 
the Michigan station the seasons were too cool and short for the 
profitable growth of this plant. The New York station reported 
that ‘“‘the plants grew well, blossomed, and some of them matured 
their seed.’’ At the Pennsylvania State College the plants did not 
bloom. An attempt to grow this plant in Massachusetts is described 
in the annual report of that station for 1889 (107). The seeds were 
sown in a hotbed, and subsequently transplanted in the field, but 
did not mature. In 1891 (102) and again in 1892 (103) it is reported 
that one row of P. roseum was grown in the field. Goff (104) planted 
seeds of P. rosewm at the Geneva (N. Y.) Agricultural Experiment 
Station in the spring of 1887. The plants did not blossom the first 
season, and were counted as a failure, but in the second spring they 
started a vigorous growth, and bloomed profusely. The powder pre- 

ared from these New York grown flowers was just as active against 
flies as that from P. cinerarixfolium flowers grown in California. 
Green (105) in 1892 recommended P. roseum as an ornamental plant 
desirable for planting in the region of the Minnesoia station. In 1890 
Massey (192) announced his intention of trying the cultivation of 
P. roseum and cinerariefolium at the North Carolina Agricultural 
Experiment Station, but nothing seems to have come of this. 

California is-the onty place in the United States where the cultiva- 
tion of Pyrethrum has reached commercial proportions. Coquillet 
(55) states that G. N. Milco introduced the Pyrethrum cinerarizfolium 
into California about 1870, and describes the cultivation of the plant. 
The quantity of the present production of insect powder in California 
is not known, but in 1888 it was 52 tons.? 

Klee (158), of the College of Agriculture of the University of Califor- 
nia, has carried on extensive experiments on the cultivation of Pyre- 
thrum. At the Southern Coast Range Culture Substation of the Uni- 
versity of California, in San Luis Obispo County, Cruickshank (59) in 
1891 reported that Pyrethrum seed sown in the fall grew, and that the 
plants blossomed a little, although the year was the hardest for seven 
years, according to old residents. Shinn (256), of the same station, 
in 1897, reported on the cultivation of Persian insect-powder plants 
(apparently P. roseum) as follows: “Plants endure the winter and 
bloom freely. They do not grow rapidly, however, and the culture 
would probably not be profitable here.’’ In the same report (p. 72) 
Pyrethrum is suggested as worthy of trial as a plant suitable for 
cultivation on alkali soil, but no experiments seem to have been made 
to test this idea. Both P. rosewm and P. cinerarizfolium are men- 
tioned as being well established in the garden of the Southern Califor- 
nia Culture Substation, in Chino Valley. Schrenk (248), quoting from 
Semler’s “ Die Tropische Agrikultur,” describes the cultivation of 
C. cinerarizfolium in California by Dalmatians who had settled there. 


2 Insect Life, v. 1, p. 356, 1889. 
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Chrysanthemum cinerarizfolium has been successfully cultivated 
at Madison, Wis., and at the Arlington, Va., Experimental Farm of 
the United States Department of Agriculture. Halsted (112, 113) 
has grown hybrids of i roseum and the field daisy (C. leucanthemum) 
in New Jersey. California, however, is the only place in the United 
States where the cultivation of Pyrethrum has continued on a 
commercial scale. 

SUMMARY 


Insect flowers are cultivated commercially in Dalmatia, Monte- 
negro, Japan, France, Australia, Algeria, and California. The 
first three countries produce nearly all the flowers that enter into 
international trade. In 1907, 2,882,000 pounds, and in 1908, 
2,615,000 pounds of insect flowers were exported from Austria (165). 
Japan, in 1913, exported 349,225 pounds of imsect flowers and 
211,012 pounds of insect powder, and in 1914, 819,612 pounds of 
the flowers and 256,567 pounds of the powder (25/7). Exportations 
from Japan have increased greatly since 1914. Montenegro seems 
to be the only country where wild insect flowers grow abundantly 
enough to be of commercial importance. Even there the quantity 
is small, as, according to Jiittner (150), the whole Montenegrin pro- 
duction of wild flowers amounts at most to 15,000 kilograms (33,000 
pounds) each year. 


PREPARATION OF INSECT POWDER 


One of the earliest accounts of insect powder (4) states that the 
dried insect flowers are rubbed to a coarse powder with the hand, 
and then ground fine inasmall mill. Willemot (294) gives directions 
for pulverizing insect flowers in a mortar by simply rubbing them 
with a pestle. 

Coquillet (65) describes the manufacture of Buhach from the 
flowers of Carysanthemum cinerarixfolium in California as follows: 

Arriving at the mill the flowers (which have been thoroughly dried) are fed toa 
set of burr millstones, just as wheat is handled in making flour by the old process. 
The grist is carried by an elevator to a separator which, by proper sieves, separates 
the coarser particles of the grist, allowing only the finest, dustlike powder to pass 
through. This powder is carried by an elevator to an adjoining building, where 
it is put up in tin cans for the market, while the coarser particles thrown off by 
the separator are returned to the millstones. 

The flowers become heated while being reduced to powder, but the latter, in 
passing through a large series of elevators, loses its heat to a great degree before 
it is put into the cans for the market. 


Slaus-Kantschieder (261), in 1913, described the preparation of 
insect powder in Dalmatia as follows: 

The flowers are prepared as powder in Dalmatia, as well as in Trieste. The 

largest Dalmatian mills, located in Sebanico, are driven with electrical power 
from ‘‘Krkafallen.’’ Further, several smaller concerns in Zara, Ragusa, and 
upon the islands of ‘‘ Mittel-Dalmatiens”’ carry on the grinding of the flowers. 
In Trieste the grinding of the chrysanthemum plants is carried on in about 10 
mills, and this is the place where most of the adulteration occurs. 
_ In the United States, in addition to Stockton, Calif., where Buhach 
is manufactured, insect flowers are ground on a large scale in Balti- 
more, Peoria, and New York, and to a smaller extent in Philadelphia, 
St. Louis, and other places. In most cases the older firms still use 
stone “chaser” mills, while the newer firms employ steel disk mills. 

A “chaser” mill consists simply of a pair of millstones joined by a 
horizontal axis, which is connected with a vertical shaft. By means of 
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power the shaft is turned, and the two stones roll around, one after the 
other, on a heavy block of granite. These millstones, which are also 
of granite, are about 214 feet in diameter by 8 inches thick, and weigh 
several hundred pounds each. Flowers imported into this country 
are received in bales done up in burlap, containing on an average 
about 440 pounds neteach. The contents of the bales are emptied on 
the floor, and any large stones, which are sometimes added to give 
weight, removed. The flowers are then shoveled or dumped into the 
box which surrounds one of these stone chaser mills, where they are 
kept in the path of the revolving stones, which are mounted about 2 
feet apart, by meansofarevolvingarm. The flowers are scon reduced 
to a fine dustlike powder, which in some mills is periodically shoveled 
out and in others is removed from pockets in the sides of the inclosing 
box. The powder is so fine that it is carried up by the air currents 

roduced by the revolving stones, and settles into pockets provided 
or that purpose. The top, as well as the sides of the mill, is boxed in 
very tightly to keep the powderfrom flying everywhere. After grind- 
ing, the powder is put through a sieve or bolted, and the tailings re- 
ground. In some cases a sieve of only 40 meshes to the inch is used, 
whereas other firms employ 110-mesh bolting cloth. 

The steel disk mill, used by some firms in grinding insect flowers, 
consists of a series of perforated steel disks with lugs on the edge which 
revolve in a corrugated cylinder at a rate of from 3,000 to 3,500 revo- 
lutions per minute. The flower heads are fed into a hopper, either by 
hand or automatically through a chute, and are thrown with great 
force against the corrugations on the inside of the cylinder by the re- 
volving disks. The disks do not rub against each other or the cylin- 
der; the flowers are simply cut to pieces by the force of their impact 
against the sharp corrugations. In a mill of this kind the cylinder 
opens into a large box or cloth bag of close weave. If a box is used, 
it must be provided with a number of cloth “chimneys,” which may 
be supported by a wooden framework. ‘The idea of the cloth is to 
hold in the fine insect powder while allowing the air, which is fanned 
into a very strong current by the revolving disks, to filter through. 

When flowers imported from Japan are ground it is necessary first 
to run them through a disintegrator, which consists commonly of a 
mill built like an ordinary large, coarsely-grinding domestic coffee mill. 
Before being shipped from Japan, insect flowers are wrapped in rattan 
or similar material and compressed into as small a bulk as possible in 
a press. Ordinarily four of these little bales, each of which weighs 
about 100 pounds, are wrapped together in burlap with metal bands 
and wooden strips for shipment. The flowers are so compressed in 
these packages that the use of the disintegrator is necessary. From 
the disintegrator the flowers travel on a belt to a chute through which 
they fall to the floor below. An electromagnet is so arranged under 
the belt that particles of iron, like nails, which may be present in the 
bale, are removed as the flowers pass down the chute. On the floor 
below the flowers may be fed directly into the hopper of the disk mill, 
or they may be run first through a cutter, which further breaks them 
and expedites the final pulverization. 

In either process the powder becomes quite warm in the grinding, 
thus losing part of its moisture, but not, apparently, any of its insecti- 
cidal constituents. This loss in moisture, together with a slight 
mechanical loss in the milling process, amounts to 6 or 7 per cent 
by weight of the flowers ground. 
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In grinding insect flowers 1t is not customary to add any material 
to assist the pulverization. Nor, with the exception of large stones, 
which may have been added to the bale, and certain bits of iron which 
are taken out by an electromagnet, is anything removed from the 
flowers as they are received. Such foreign matter as stems, either 
adhering or loose, sand, and dirt is allowed to remain. 

In Japan the process of manufacture is as follows (292): The 
flowers are dried in the shade for one day in the summer, after which 
some 8 pounds are placed in a stone mortar and powdered for about 10 
hours. ~This powder is then put through a sieve, and dried by steam 
heat at from 80° to 90° F. for 4 or 5 hours in a drying room. 
When well dried it is packed in tin containers. In the sieving 
process from 20 to 25 per cent of the powdered flowers remain in the 
sieve. This refuse is not used in the best quality insect powder, but 
some manufacturers repowder it and mix it with the fine, good powder. 
Mixed with the powdered leaves and stems of the Pyrethrum plant, 
it is used also as a smudge for mosquitoes and flies. 


EFFECT OF INSECT POWDER ON INSECTS: 


In the“account of the discovery of the nature of insect powder by 
Sumttoff (5) no details are given as to its use. It is simply stated 
to be one of the most active means of protection against harmful 
insects, “‘attracting them by its characteristic odor and then numbing 
ag dulling them, but te man and larger animals it is entirely harm- 
ess. 

Noodt (205), in 1858, wrote: 


The powder has the property of numbing all insects in a short time and subse- 
quently killing them. Strewn in the room and in the bed it is a poison for lice, 
fleas, bugs, flies, moths, etc. * * *. 

In the collection of insects it has been used for a long time not only to quickly 
kill them but also to protect them against other insects, and it can be recom- 
mended not only for this use but also in herbariums and other natural history 
collections, since ants also quickly die from it. 


In 1858 Browne (38) recommended the trial of Persian insect 
powder, or a decoction of it, against the scale of orange trees (Coccus 
hesperidum), but the test does not appear to have been made. This 
is the first use of insect powder against a definite insect suggested in 
the United States, and the first time it is spoken of for use on fruit 
trees. About the same time Wuilemot (294) records the results of 
experiments on the destruction of noxious insects in France with 

ethrum. 

Glover (99), in 1864, described the first experiment recorded in 
this country on the insecticidal efficiency of Persian insect powder: 


This powder had a curious effect on some Croton roaches we were experimenting 
with; when sprinkled over them or placed in a circle and they made to pass over 
it; for a few steps they appeared very lively, but soon staggered, and after a few 
struggles fell over and soon ceased to live. 


Saunders (239), in 1879, was one of the first to describe the effect 
of insect powder upon house flies and green aphis. About the same 
time Carpenter (44) published the results of his experiments with 
Pyrethrum on different insects. As a result of these experiments, he 


§ The statements given under this heading are merely quotations from the literature and are included 
for their historic interest. They are not to be taken as representing the present opinion of the Department 
of Agriculture concerning the efficacy of this product, 
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states that “all insects having open mouth parts are particularly 
susceptible to this powerful drug.’’ Howard (138), in 1882, described 
the effect of Pyrethrum upon the heartbeat of Plusia brassicxe (cab- 
bage worm). 

A great amount of work has been done since 1879 by the United 
States Department of Agriculture and the various agricultural 
experiment stations in testing the efficacy of insect powder in destroy- 
ing or repelling harmful insects. A review of this work, however, is 
foreign to the purpose of this bulletin. Those interested may consult 
the following list of references to recorded tests given in the bibli- 
ography (p. 78): 2, 3, 9, 11, 26, 27, 28, 35, 36, 88, 44, 46, 49, 61, 52, 58, 
54, 65, 56, 61, 65, 66, 71, 72, 75, 87, 94, 96, 97, 98; OF, 100, TO pan20, 
125,128; 129, 138, 141, TIS LG, DOTS 16o AGT) tl Poe ee 
192, 193,195,200; 201, 208; 207 , 208-211 (217 218, Bat 2aeeae 
225, 226, 227, 298, 229, 230, 231, 232, 233, 241, 258, 262, 263, 264, 
270, 271, 272, 290, 291, 294, S2, S26. Other articles on the use of 
insect powder against different insects are listed in ‘‘ Bibliography of 
the More Important Contributions to American Economie Ento- 
mology,” published by the United States Department of Agriculture, 
Bureau of Entomology, Washington, 1890-1905, ‘‘ Index to the Liter- 
ature of American Economic Entomology,” published byethe Ameri- 
can Association of Ecohomic Entomologists, 1917, and ‘‘Le pyréthre 
insecticide de Dalmatie,”’ by Juillet (S20). 


A combination of pyrethrum and soap has proved a very effective 


insecticide (S6, S17, S21, S23). Kerosene extracts of pyre 
which are made by extracting the powdered flowers with kerosene or 
other light mineral oil in the proportion of 1 to 2 pounds to the 
gallon, have been extensively sold in the United States recently. 

Some investigators claim that the powder must be taken internally 
to be effective; others state that it kills by external contact. Many 
of the reported failures were no doubt due to the fact that a powder 
adulterated with powdered stems was used in the tests. 

At present insect powder is used largely against bedbugs, cock- 
roaches, ants, flies, mosquitoes, and other household insects, as well 
as plant lice and fleas on pet animals. 

Although insect powder is an efficient insecticide against many 
insects, the plant from which it is made is not tree from insect enemies. 
In 1884, Riley (225, p. 416) received specimens of Macrodactylus 
subspinosus, found on Pyrethrum plants in large numbers and 
apparently eating both leaves and flowers, and Chauliognathus mar- 
ginatus, not so numerous and apparently attracted chiefly by the 
flowers. He states that a number of insects feed on Pyrethrum. while 
it is growing. In 1890 he (229) again called attention to the fact that 
the Macrodactylus subspinosus, or rose chafer, devours the blossoms 
of the Pyrethrum cinerarizfolium. 


EFFECT OF INSECT POWDER ON ANIMALS 


Although insect powder is generally considered harmless to the 
higher animals, several cases where it has produced serious symp- 
toms are recorded. 

As early as 1858 Boucard (34) described the case of a woman, 
who had strewn much insect powder upon her bed, being taken with 
a headache, roaring in the ears, bloating of the face, pain in the 
stomach, nausea, sweating, and symptoms of syncope. About the 
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same time Von Wiggers (8) abstracted a report by an anonymous 
writer of a case in Sai a man and his son who had scattered Persian 
insect powder in their beds passed a restless night, during which they 
suffered from painful dreams, and the next day had bad headaches. 
In 1884 Riley (225), in speaking of the supposition that Pyrethrum 
has no effect on the higher animals, stated his own experience in which 
the fumes.of the powder in a closed room intensified sleep and pro- 
duced stupor. Coquillet (65) states that insect powder has no 
injurious effect upon human beings. 

It appears also that there is a difference of opinion with respect to 
the action of Pyrethrum when taken into the stomach. Méilco wrote 
Coquillet that a teaspoonful of the alcoholic extract of Buhach was 
administered to a certain person afflicted with tapeworm. The dose 
was repeated every hour for 10 consecutive hours, as a result of which 
the tapeworm was removed without injuring the patient in the least. 
On the other hand, Noodt (205) states that taken internally insect 
powder was inactive against the tapeworm, but against Ascarides it 
was effective when a concentrated infusion was used as a clyster. 
Likewise an injection of this powder against maggots in the outer 
ear passages had a remarkable effect. Tests showing anthelminthic 
properties in the flowers of Pyrethrum roseum and carneum are recorded 

y Schipulinsky (244) in 1854, and Frontali (68) records the same for 
the flowers of Chrysanthemum cinerarixfolium in 1858. 

According to the Chemist and Druggist (21), an American doctor 
i 1898, through an accident to a child, found that insect powder 
has anthelminthic properties. In 1888 Holmes, in discussing a 
paper by Kirkby (156), reported a case from Hull, England, where 
a man had died from the effects of insect powder, but whether the 
death was due to the powder itself or to some adulterant was not 
determined. Schlagdenhauffen and Reeb (246) record the poison- 
ing of seven persons in 1889 from 1 pound of insect powder which had 
been strewn in their beds. Bosredon (83), in 1897, recorded an 
instance of poisoning with insect powder. An infant, aged 11 months, 
playin math a cardboard box of the powder, broke the lid, which scat- 
tered the powder into the eyes, mouth, and nostrils. When medical 
aid arrived convulsions and vomiting had set in, the heartbeats were 
feeble, and the respiration slightly quickened. After carefully re- 
moving the adherent powder, an emetic of ipecacuanha produced 
free vomiting, and, except for slight inflammation of the conjunctiva, 
the patient quickly recovered. Additional cases of poisoning with 
isect powder are described by Mendelsohn (194), Ferrand (S/), and 
the Chemist and Druggist (16). In the only fatal case the patient, 
a 2-year-old girl, had eaten about half an ounce of the powder. 
McCord, Kilker, and Minster (825) report an occupational dermatitis 
among workers engaged in grinding insect flowers. 

Certain species of Chrysanthemum are used as medicine. LEastes 
(74) states that C. parthenium is official in the French Codex, and is 
reputed to have tonic, stimulative, sudorific, diuretic, antipyretic, 
emenagogic, and anthelminthic properties. According to Henry 
(127), many chrysanthemums are used as medicine in China. A 
case of poisoning with C. indicum is described by Hofimann (i398). 
Remington (215) reports that the flowers of C. album and flavum are 
used in China for flatulency, and includes Pyrethrum partheniuwm in 
a list of drugs from Chile, although its use is not given. Stearns 


e 
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(266) lists C. leucanthemum and P. parthenium as plants whose flowers 
were used in medicine by the natives of Michigan in the fifties. Sato 
(236) speaks of insect powder (made from flowers of O. cinerarizx- 
folium) as being used in medicine. Riley (225) cites a case in which 
insect powder was copiously rubbed on a dog, as a result of which 
the animal became sick, being affected in the locomotive organs 
very much as insects are. Carruthers (45) states that P. inodorum 
is credited with producing lasting mjury to the digestive organs of 
stock by damaging the lining of the stomach and causing death 
when eaten in large quantities. Coquillet (55) reports that horses 
fed upon the dried stems of the P. cinerarizfolium plant appeared to 
relish 1t very much, and were not injured by it. In 1880 Sayre (240) 
showed the toxic action of insect powder made from the dow ete of 
P. roseum upon tadpoles. Fujitani (89) and Reeb (214) record 
experiments made upon frogs, fish, dogs, and other animals with 
what they regarded as the active principle of Pyrethrum flowers. 
These tests, however, were made with extracts of the flowers and 
after certain chemical treatment, so that the results obtained are not 
strictly comparable with the action of insect powder itself. Zeigler 
(S34) tested the action of the active principles of C. cinerarizfolium 
(extracted with ether and the solvent allowed to evaporate without 
heat) upon ants, cotton-boll weevils, frogs, turtles, guinea pigs, 
rabbits, and dogs. The active constituents of insect flowers were 
toxic to cold-blooded animals when administered by mouth as well as 
by injection. To warm-blooded animals, however, they were toxic 
only when injected intravenously. 


ADULTERATION OF INSECT POWDER 


Insect powder appears to have been extensively adulterated from 
the time 1t first entered into commerce. 

In 1851 Koch (161) noted that in Transcaucasia Persian insect 
powder is adulterated with flowers of Pyrethrum corymbosum and 
other similar plants, and in Germany with chamomile. De Visiani 
(67), in 1854, mentioned the flowers of the common chamomile, 
Anthemis cotula, A. arvensis, and Spartium junceum as adulterants. 
eNoodt (205), in 1858, stated that producers, in order to satisfy the 
creat demand for insect powder, grind not only flowers, but also 
stems and leaves, thereby detracting from the quality. He reports 
that German merchants also were in the habit of mixing fresh con- 
sionments with old goods which had deteriorated with age. Schenck 
(242), in 1859, noted the use of German chamomile as an adulterant. 

In 1861 Willemot (294) said that the numerous adulterations 
which insect powder imported into France between 1850 and 1860 
had undergone prevented the public from appreciating its efficacy. 
He mentioned the following as having been found in various powders: 
Sumac powder, jalap, cockle of Levant, nux vomica, and arsenic. 
Abel (1) reports that Persian insect powder was adulterated with 
fleabane and chamomile flowers at the time of its introduction to the 
American market, shortly before 1860. | 

Schlotshauber (247), in 1862, found the Persian poms to contain 
a variety of Pyrethrum corymbosum W., P. tenuifolium Tenore, and 
a variety of Anthemis arvensis Linn. Landerer (167, 168), in 1875- 
1877, mentioned the following as adulterants: Anthemis cotula, 
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Chrysanthemum segetum, Matricaria parthenium. In 1875 Miller 
(196) reported that old-stock German or Roman chamomile flowers 
were ground with insect powder. : 

Lead chromate as an adulterant appears to be first mentioned by 
Grote (108) in 1880. In the same year, Kral (164) reported finding 
a number of samples colored with curcuma. Howie (1/39) and 
Conroy (50), in 1883, detected fustic as an added coloring matter 
in insect powder. Schwarz (250), in 1888, found a sample colored 
with an alcoholic solution of curcuma. 

Mason, in discussing a paper by Kirkby (156), mentions having 
had a sample of “Dalmatian insect powder’ which contained 60 
per cent of sumac and 30 per cent of chamomile. Howie, in the same 
article, reports a large proportion of potato starch in a cheap powder. 

Unger (282, 283, 284), 1888-1890, found the following adulterants 
in insect powder: Pyrethrum stems, barium chromate, lead chro- 
mate, curcuma, and Chrysanthemum leucanthemum (Hungariar 
daisy). Schrenk (249), in 1889, also mentioned the Hungariar 
daisy, sometimes known as the Russian daisy, as an adulterant 
He stated that starch is a very common adulterant. Beringer (29) 
in 1889, reported that insect powder brought into America wa 
extensively adulterated with the Hungarian daisy, and that th 
eround stems and leaves of the Pyrethrum plant were also used ¢ 
adulterants. Hart (119), in 1888, reported yellow ocher and whe: 
starch as adulterants. 

In the same year, Marpmann (190) reported the use of the pov 
dered root of Veratrum album as an adulterant of insect powder. 

Thompson (273), in 1891, examined seven samples of insect powde 
put out by American manufacturers, two of which were adulteratec 
with lead chromate. Verneau (285), in 1892, listed the adulterants 
of insect powder as follows: Croton flavens, Anthemis cotula, Chrys- 
anthemum segetum, Matricaria parthenium, Tanacetum vulgare, 
Chamomile romaine, Chrysanthemum leucanthemum, and wheat 
starch. Jelliffe (148), in 1895, spoke of the extensive adulteration 
by means of the stems of the Pyrethrum plant, and proposed methods 
for the detection of stem tissue in a powder. Caesar and Loretz 
(42) report that m their examination of commercial insect powders 
they have noted the following adulterants: Quillaja, euphorbium, 
powdered whole chrysanthemum plant, quassia, powdered aloes, 
senna leaves, Hungarian daisy, saffron, and lead chromate. 

In 1899, Huber (142) found two out of five brands of insect powder 
examined to be adulterated with ground oxeye daisy flowers. 
Tschirch and Oesterle (281) give C. coronarium and Inula pulicaria 
in addition to many of the flowers previously mentioned as being 
used as adulterants. Collin (47) identified a sample of “false” in- 
sect flowers as Chrysanthemum pallens. 

Hockauf (134), in 1903, listed the following adulterants of insect 
powder: Flowers of different species of Chrysanthemum (Chrysan- 
themum leucanthemum, C. corymbosum, C. inodorum, C. indicum) ; 
different species of Anthemis (Anthemis arvensis, A. tinctoria, A. 
cotula); and Helichrysum italicum. In the same year Jean (147) 
stated that he had found potasstum chromate and sawdust in ~om- 
mercial insect powder, and Haywood (122) gave the resuv!’ 
examination of 105 samples, 19 of which were color — 
chromate in amounts ranging from 0.12 to 1.47 per c 


16 BULLETIN 824, U. S. DEPARTMENT OF AGRICULTURE 


Hanausek and Winton (118) give the following as adulterants: 
Heads of Chrysanthemum leucanthemum, Helichrysum arenarium, 
DC. (Flores Stechadis citrine, yellow cat’s paw, hour-glass weed, 
yellow-moth weed), and the stems and leaves of Chrysanthemum 
cineraniefolium. HH. Wippell Gadd and Sydney C. Gadd (90), in 
1905, mentioned turmeric and chrome alum as adulterants, and gave 
metirods for their detection. Three years later Grieb (107) found 
a sample adulterated with borax. 

In 1912 Linke (173) mentioned the following: Pyrethrum stems, 
flowers of other species of Chrysanthemum, calendula flowers, 
curcuma, lead chromate, barium chromate, euphorbium, and guillaja 
bark. He stated that the last two are added to increase the aroma 
of a powder. In the same year Sattler (238) reported lead chro- 
mate as an adulterant. 

Juttner (150), who visited the insect-powder-producing regions 
of Dalmatia and Montenegro in 1912, calls attention to the extensive 
grinding of Pyrethrum stems in those countries. In order to make 
this stem powder correspond in color to the genuine insect powder, 
lead chromate is used, and, to increase the odor, from 1 to 2 per cent 
of pepper powder is sometimes added. 

Siedler (150) mentions another substance used to color insect 
powder, namely, yellow wood, or the heartwood of Chlorophora 
‘unctoria. He mentions also Pyrethrum indicum, Bellis perennis, 
Tanacetum vulgare, chamomile, quassia powder, pepper, powdered 
aloes, euphorbivm powder, senna leaves, and flowers of “ Margherita 
silvatica”’ as adulterants. The last name is unknown in botanical 
nomenclature, and Siedler considers it to be a fantastic designation 
for an unknown adulterant. Marguerite, however, is a common 
name for Chrysanthemum frutescens, which may be the flower 
meant. In a later article Siedler (257) stated that, compared to 
adulteration with stem powder, adulteration with foreign flowers is 
insignificant. 

Slaus-Kantschieder (261), in 19138, stated that in Dalmatia the 
most usual form of adulteration of insect powder consists in grinding 
with the flowers a part of the flower stems called ‘‘stecco.” Lead 
chromate, barium chromate, powdered bricks, starch, curcuma, and 
poneered almond shells are also mentioned by him as adulterants. 

enjamin F. Chase, United States consul at Fiume, under date of 
December 15, 1915, reported that in Dalmatia it is customary to add 
5 per cent of borax to the inferior grades of insect powder. 

In addition to the powdered stems of the Pyrethrum plant, which 
have been the most extensive means of adulteration, other adulterants 
detected in the Insecticide and Fungicide Laboratory during the past 
11 years have been lead chromate, potassium chromate, barium 
chromate, curcuma, sand, leaves of the Pyrethrum plant, and oxeye 
daisy flowers (Chrysanthemum leucanthemum). 

Roark and Keenan (S26) have made a special study of the adultera- 
tion of insect powder with powdered oxeye daisy flowers, and have 
clescribed means for its detection. 

S, stances that have been used to color or adulterate insect 

“ay be classified as follows: 
‘. Lead chromate, barium chromate, potassium chromate, cur- 


the root of Curcuma longa L.), tustic (wood of Chlorophora 
on (dried stigmas and tops of the styles of Crocus sativus L.), 
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Other species of flowers: Pyrethrum corymbosum W., P. tenuifolium Tenore, P. 
indicum, Chrysanthemum segetum, Hungarian daisy, Russian daisy, oxeye daisy 
(Chrysanthemum leucanthemum), garden daisy (flowers of Bellis perennis L.), 
German chamomile (dried flower heads of Matricaria chamomilla L.), Roman 
chamomile (dried flower heads of Anthemis nobilis L.), corn chamomile (Anthemis 
arvensis L.), mayweed (Anthemis cotula L.), feverfew (Matricaria parthenium 
L. Synonyms: Chrysanthemum parthenium (L.) Pers.; Pyrethrum parthenium 
Sm.), Croton flavens, tansy (leaves and tops of Tanacetum vulgare L.), calendula, 
marigold (dried ligulate florets of Calendula officinalis L.), yellow cat’s paw, 
hourglass weed, yellow-moth weed (Helichrysum arenarium DC. Flores Stechadis 
citrine), “Margherita silvatica’” (Chrysanthemum frutescens), Chrysanthemum 
coronarium, Inuia pulicaria, Chrysanthemum pallens (‘false insect flowers’’), C. 
inodorum, Anthemis tinctoria, Helichrysum ttalicum, Anthemis cotula, and Spartium 
qunceum. 

Miscellaneous adulteranis: Almond shells, aloes (inspissated juice of leaves of 
various species of aloes), arsenic, borax, brick dust, chrome alum, ‘‘cockle of 
Levant,” euphorbium (gum-resin from Huphorbium resinifera Berg.), fleabane, 
horseweed (leaves and tops of Krigeron canadensis L.), hellebore (powdered root 
of Veratrum album), jalap (dried tuberous root of Hxogonium purga (Wend.) 
Benth.), nux yomica (dried, ripe seed of Strychnos nux vomica L.), pepper, quassia 
(wood of Picrasma exceisa (Swartz) Planchon and of Quassia amara L.), quil- 
laja, soap-bark (dried bark of Quzllaja saponaria Molina, deprived of its peri- 
derm), sawdust, senna leaves (dried leaves of Cassia acutijolia Delile or of 
Cassia angustifolia Vahl.), starch (potato and wheat), starch (variety not 
specified), stems and leaves of insect powder plant, sumac (dried fruit of Rhus 
glabra L..), and ground rice hulls. 


HOW TO DETECT ADULTERATION 


The methods which have been used in determining the genu:neness 
of insect powders may be classified in three groups: 

1. Physiological—The powder to be tested is tried out directly on 
one or more species of insects, and the time necessary to produce 
death compared with the time in which the same quantity of a known 
genuine insect powder will kill the insect. 

2. Microscopical._—Adulterants are detected by observation through 
the microscope, either with or without staining or other preliminary 
chemical treatment. 
~ 3. Chemical.—The ash, ether extract, and other chemical deter- 
minations are made and the results compared with the average 
values for genuine powders. 


PHYSIOLOGICAL METHODS 


Kalbruner (151), in 1874, was the first to record the physiological 
testing of insect powder. He states that 4 grains of a good insect 
powder sprinkled on a fly in a vial should produce stupor in 1 min- 
ute and death in 2 or 3 minutes. Testing a number of commercial 
powders in this manner, he found that from 15 to 30 minutes were 
required to kill flies. Flowers representing a number of species of 
plants, as well as the powdered stems and leaves of Pyrethrum roseum 
and cinerarizfolium, were tested in this way, and found to be worth- 
less, as compared with genuine insect powder. 

In 1876, De Bellesme (63), in order to show that the action of 
the active principle of Pyrethrum was not the mechanical one of 
closing the pores of an insect, sprinkled flies with insect powder and 
also with powdered leaves, wood, and other inert substances. Those 
sprinkled with the Pyrethrum powder were almost dead after 1 hour, 
while those left for 10 hours in the inert powders were uninjured. 

In 1880, Sayre (240) tested the effect of the flowers of Pyrethrum 
roseum on flies and tadpoles. Unger (282), in 1888, while exam- 
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ining insect powders, made use of Kalbruner s “fly test.”” He, how- 
ever, used a weighed quantity of powder placed on a sheet of white 
paper, over which the insect was imprisoned with a glass. Tested 
against Blatta orientalis (Oriental cockroach or black beetle) and 
Acarus faring in this manner, the powder from both the P. cinerariz-_ 
folium and the P. roseum killed the insects in about 45 minutes. 
About the same time, Goff (104) made tests with P. cinerarizfolium 
srown in California and a powder prepared from the flowers of 
Pyrethrum roseum, grown in New York from seed received from the 
United States Department of Agriculture, to determine the relative 
time required to paralyze flies. These tests indicated that the 
powder made from P. roseum was slightly more effective. 

Hirschsohn (133), in 1890, while investigating the active constitu- 
ent of insect powder, tested the activity of the powder by trying it on 
roaches. ‘Two of the samples under investigation paralyzed roaches 
in 3 minutes. From his tests on Blatta orientalis, Thoms (275) con- 
cluded that the physiological test was surer than either the micro- 
scopical or chemical test in estimating the worth of a powder. 

In 1895, Jelliffe (148) tested the action of insect powder on the 
common house fly (Musca domestica), the Croton bug or cockroach 
(Blatta germanica), the bedbug (Cimesx lectutarius), and some black 
beetles (species undetermined). 

Dowzard (71), in 1899, conducted some tests on cockroaches. 
Slaus-Kantschieder (261), in 1913, stated that although the micro- 
scepical and chemical methods of examination furnish a basis for the 
grading of insect powder, for the determination of the true value the 
physiological test must be made. He conducts the test as follows: 
About i gram of insect powder is placed in a 25 cc. flask. The flask 
is then closed and shaken well, after which the flies are introduced. If 
the powder is of good quality the flies will come to rest within one- 
half minute and die within 5 minutes. If the flies survive this 
period the insect powder is to be considered as of low value and old. 

Kuraz (165) has recently tested a number of commercial samples of 
insect powder, as well as closed, half-closed, and open flowers, and 
Pyrethrum stems grown at Korneuburg, near Vienna, according to 
the method of Slaus-Kantschieder. The ordinary house fly ( Musca 
domestica) was used in these tests, and the time noted in which the 
insect fell over on its back. The results are summarized in Table 2. 


TABLE 2.—Physiological examination of insect powder } 


Time required 


Product Mini- Maxi- 


aera mai Average 


Min. Sec.| Min. Sec.| Min. Sec. 
0 40 45 0 


Commercial powder ground from wild flowers_-.-...-_.-.---------------- 1 9 
Commercial powder ground from Montenegrin closed flowers____-__----_- 1 04} 2 ARS eas 43 
Commercial powder ground from Dalmatian half-closed flowers_______---_- 1 00} 2 22a: 34 
Commercial powder ground from Dalmatian open flowers_-_-___-_--__-_-_--- Re 03 | 4 Zi <3 00 
Commercial spow ders 2 22 cies er ee ey ee eee 5 50 | 15 14 | 10 05 
Commercial powder ground from open Dalmatian flowers____.__-_-___--- 2 20| 4 DOE eo 28 
Commercial powder ground from closed Dalmatian flowers__-_..-.------- 0 45 | 1 DD |e 18 
Commercial powder ground from closed Montenegrin flowers___---------- Of 403i crak 34] 1 04 
COMMERCIAL POW GET ee we oe ee Re aga ete lee Mate ae nena nny Le tae een ee 3 52 | 10 00 | 6 02 
Powdered closed flowers grown at Korneuburg, 1913__.__-_-_------------- 1: 9220) S22 ee Souh el 53 
Powdered half-open flowers grown at Korneuburg, 1913__-_-_---_--------- 0 54] 1 48; 1 18 
Powdered closed flowers grown at Korneuburg, 1914_________-_-.--------_- 0 Os45:)tal 43} 1 10 
Powdered half-open flowers grown at Korneuburg, 1914__....____._______- 0 40} 1 45 bel 15 
Powdered open flowers grown at Korneuburg, 1914________-_-_-___-_----- 0 40 |} 1 28} 1 02 
Powdered stems grown at Korneuburg, 1914__..-_.-.---.----------------- 3), 05s} p8e A294 e26 16 


150 tests were made on each sample, 
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In testing the action of insect powder against various insects Smith 
(268) and many other entomologists used different brands of com- 
mercial insect powders. Their results were comparative, as they 
were without samples of known purity, and their experiments are 
without value in showing the presence of adulterants. 


MICROSCOPICAL METHODS 


There has been much divergence of opinion as to the value of a 
microscopical examination of an insect powder in determining its 
genuineness. For instance, Jelliffe (748) concludes that “the 
microscope is the only possible means for detecting the presence of 
pbiidéted stems in insect powder.’”’ On the other hand, Beringer 
(29), after examining genuine insect powder and the powder made 
from the flowers of the Hungarian daisy, says, “‘ Microscopically no 
difference could be detected between the two powders.” Howie 
(139) states that he finds chemical methods more exact and trust- 
worthy than microscopical ones for detecting added fustic, chrome, 
and turmeric. Again, in discussing Kirkby’s (156) paper, he says 
that he has little faith in microscopical observation for ascertaining 
the value of an insect powder, the physiological test with the black 
beetle being the best. 

For recognizing the presence of certain adulterants, as for instance 
starch or starch-bearing materials, the microscopical examination 
is of great value, but in the powdered state flowers of certain of the 
Composite closely allied to Pyrethrum are so similar to insect flowers 
as to render their detection difficult. Again, although an adulterant 
can usually be detected qualitatively by the microscope, no exact 
quantitative method has as yet been devised for its determination. 

Trottner (278) has worked out a method in which the value of 
an insect powder is determined by estimating the number of pollen 
erains in 1 milligram of the sample. His results, however, vary 
greatly, as shown in Table 38, ae summarizes all of his reported 
determinations. 


TaBLE 3.—Number of pollen grains per milligram of insect powder 


: Pollen 
Product grains in 1 
milligram 

Closed HOWOLS OL Cs CUeErane-cjouwm PUlVerized 1n.a. mortar: 2. el ee eee 2, 881 
eee mee oe eel = SBR at We eyes SE SAR os Dee he Dah Ae a ie eh 2, 159 
Open flowers of C. cinerarizfolium pulverized in a mortar____________________-.-__---_-___-.- 545 
TOE sae Se SO eR Ee a Se a, SPC Tee Pad ek eae cA hee epee oe 210 

PO ie 2 ee ar ce es st a SO i alge ere eb cyl ec aM Natl ie ar te Repel Malt 4B cl 151 
Commercial powder ground from closed flowers (Riedel)___.._______________~_-_--_--------_- 3, 066 
Commercial powder ground from open flowers (Riedel)_____________..____.___-___---_----_-- 158 
Commercial powder ground from closed flowers (Ceesar and Loretz)_______________-_-___-___- 2, 255 
Commercial powder ground from half-closed flowers (Czesar and Loretz)___-_________________- 920 
Commercial powder ground from open flowers (Ceesar and Loretz)____-______-____--_------- 785 
Commercial powder ground from closed flowers (Schuchardt)______________----___-_--------- 4, 402 
Commercial powder ground from half-closed flowers (Schuchardt) -________------------------ 5, 544 
Commercial powder ground from open flowers (Schuchardt)_-________-_-_------------------- 1,319 
WGonmoecren powder CApothecary; Aye sik Be Ee aoe eS es 2, 071 
Commercial powder ground from wild closed flowers (Apothecary B)-_----------------------- 1, 235 
Wormtnerem now GersGADOtneCany: ©). ae ee ee ee 1, 176 
Commercial powder ground from cultivated closed flowers (Apothecary D)_-_-_------------- 575 
WGMTHETE DOWEL CA POLRCCATY! Bint tae SRL SUE al ge Nee sf eee 550 
eR Zee OSCULMOWEIS ONE) TOSEI Ua otEs se See ek Eo Nee ee cles Waele, bo ee ee 4,721 
RAMEE REZ CA OIs id OWLS Ole E> GOS Cll Moet 8 oe eS en Mee oe Sey eo a 2, 264 
Hiareseearcvnrlrosel, pulvis, No.0 (Gehe and Co.) 2. . 222 to es 8 ea ee ee 5, 741 


Plores Pyretiir rosel, pulvis ‘No. 1 (Gehe and Co,):.-.-_ L220 2ibs_ leet eee 3, 482 
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MorRPHOLOGY OF WHOLE Insect FLOWERS 


The flowers usually employed in the production of insect powder 
or Pyrethrum powder are derived from either the Dalmatian or the 
Persian insect flowers, botanically known as Chrysanthemum cine- 
rarvefolium (Trey.) Bocce. and C. rosewum Web. & Mohr., respectively. 
The Dalmatian flowers compose the greater part of the commercial 
insect powders, the Persian flowers being rarely seen in commerce at 
the present time. Of recent years, Japanese insect flowers have 
been coming into the market. According to one authority (24) the 
form known as C. vndicum, with a yellow ray flower, is widely spread 
through China and Japan, while in the mountains of Hupeh occurs 
a white or pink rayed form, which has been named (©. morifolium. 
Doctor Henry, who has collected specimens which are in the Kew 
herbarium, considered these two wild panes the probable progenitors 


of the cultivated strains. As far as histological characters are con- 


cerned, the Japanese flowers can not be distinguished from (©. cine- 
rarvefolrum. 

Siedler’s (150, 258) morphological description of the Dalmatian 
flowers may be summarized as follows: 


The Dalmatian flower stem is 8-sided and very hairy; receptacle slightly 
arched; involucre consisting of 3 rows of scales, the inner scales lanceolate 
and about 4 mm. long, the scales of the middle row about 6 mm. long. All of 
the scales have a flat inner surface, the outer surface being more or less keeled, 
possessing a scarious margin and covered with hairs. The whitish ray flowers 
measure about 15 mm. in length and 4 mm. in width, 3-toothed at the tip, the 
middle tooth being somewhat smaller than the other two. The disk flowers 
are tube-shaped and 5-toothed, possessing the typical Composite oil glands and 
containing more or less of the yellow, 3-pored, spiny pollen grains. The fruits 
of the ray flowers exhibit a different structure from those of the disk flowers, 
being somewhat flattened on the side iying next to the outer bracts, and pos- 
sessing two furrows, while the inner side has three. The fruits of the disk 
florets consist of 4, sometimes 6, nerves. A small crown is present on all the 
fruits. 


Collin (47) designated three distinct commercial varieties of 
Dalmatian insect flowers: 


1. Closed flowers.—F lower heads, varying from 3 to 7 mm. in diameter, gen- 
erally furnished with a very short striated peduncle. Bracts, greenish-yellow, 
closely appressed. Corollas of ligulate florets almost always entire; grayish- 
white in color, and wrinkled and shriveled over the tubular florets, so as to 
conceal them almost completely. Very few expanded flowers present; very few 
fragments of corollas, ovaries, or bracts mixed with flower heads. 

2. Half-closed flowers——Peduncle longer, even 4 or 5 cm. long. Flower heads 
full, bracts of a yellowish-gray color. Ligulate florets can usually be dis- 
tinguished; tubular florets still retain their corollas more or less intact. 

3. Open flowers.—Recognized by the size of the flower heads, many of which 
attain a diameter of from 9 to il mm. Usually completely expanded when 
gathered and hence few of them intact; some ligulate florets destitute of corollas 
and in many others the corollas of the tubular florets have been separated from 
the ovaries which remain attached to the receptacle. This variety contains 
abundant débris of the corollas and ovaries, and therefore is not as choice com- 
mercially as classes 1 and 2. The various parts of the Dalmatian flower head 
are as follows: Bracts, outermost thicker and shorter than the others; more 
strongly curved and more pointed at the apex; those from the middle row 
lanceolate, slightly curved; the inner scales are as long as the middle ones_but 
thinner and spatulate in shape. All scales thickened in the center, gradually 
becoming thinner toward the margin, which is scarious and transparent. Ligulate 
florets with three teeth at the apex, central tooth smaller than the other two. 
Calyx with fringed or slashed margin. Ovary possesses five projecting ridges. 
Tubular floret corolla rather deeply 5-toothed. Peduncle channeled and hairy. 
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The Persian (186) or Caucasian insect flowers (Chrysanthemum 
roseum) differ somewhat from the Dalmatian flowers, and will be 
but briefly described. The flower heads somewhat resemble those 
of the Dalmatian variety, but are a little smaller. Ray florets, a 
reddish-purple tinge; involucral scales, dark and with reddish-brown 
edge. Fruits usually 10-ribbed. Involucre not as hairy as that of 
the Dalmatian flower. 


SUMMARY 


Dalmatian flowers.—Involucre: Imbricate and campanulate; scales 
matted with hairs; individual bracts slightly thickened or keeled, the 
inner bracts becoming thinner and more chaffy or scarious at the 
margin. 

Ligulate florets: Yellowish-white or a light straw color; pistil- 
late; apex 3-toothed, the middle tooth usually beimg shorter than 
the other two. 

Disk florets: Perfect, deeply 5-toothed, and yellowish. 

Achenes of ligulate florets: Distinctly 5-ribbed; rather more flat- 
tened and curved than achenes of disk florets and somewhat larger; 
possess small-toothed crown. 

Achenes of disk florets: Distinctly 5-ribbed; not as curved or flat- 
tened as those of the ligulate florets; somewhat smaller; possess 
small-toothed crown. 

Persian flowers.—Involucre: Imbricate and campanulate; scales 
almost glabrous; hairs numerous in depression at juncture of peduncle 
and receptacle; scales dark and bordered by a distinctly reddish-brown 
edge; inner scales more scarious than outer ones; appear to be more 
densely fibrous than those of the Dalmatian flower. 

Ligulate florets: Tinged a rather purplish-red; pistillate; apex 3- 
toothed, middle tooth often somewhat longer than the other two. 

Disk florets: Perfect, deeply 5-tcothed. 

Achenes of ligulate florets: Usually 10-ribbed; more flattened and 
curved than achenes of disk florets and somewhat larger. 

Achenes of disk florets: Usually 10-ribbed; not as curved or flat- 
tened as those of the ligulate florets; somewhat smaller. 


MicroscopicaL CHARACTERISTICS OF INSECT POWDER 


Before taking up the general plan followed by the writers in the 
microscopical examination of a commercial powder, the most impor- 
tant work done by other investigators will be reviewed briefly. 

Collin (47) has condensed the descriptions of the diagnostic charac- 
ters for the various parts of the flower head of Chrysanthemum cine- 
ranizfoivum, which may be summarized as follows: 


Fragments of the bracts: Epidermis striated and provided with numerous 
stomata, T-shaped hairs, and oil glands; under the epidermis of the central 
part there is a very characteristic fibrous hypoderma; the margins are very thin, 
and bear numerous T-shaped hairs. 

Corolla of the ligulate fiorets: Upper (inner) epidermis characterized by being 
papillose over the whole surface, and by the sinuous striated cells of the lower 
(outer) epidermis. 

Corolla of the tubular florets: Epidermis papillose near the apex but smooth 
over the remainder of the corolla, the latter portion consisting of regular cells 
containing rosette crystais of calcium oxalate. 

Calyx of the tubular florets: Tissue of the calyx strengthened by the presence 
of numerous elongated, lignified cells. At the junction of the calyx with the 
ovary there is a disk composed of large, very irregular cells, with thick, lignified, 
pitted walls. Many of these cells contain prismatic crystals of calcium oxalate, 
one in each cell. 
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Ovary: Epidermis of the intercostal depressions is characterized by the 
presence of numerous oil glands and clinorhombic crystals. There is a lignified 
hypoderma similar to that of the lower part of the calyx. Walls of the ovary 
contain very large ducts filled with a brown granular secretion. 

Anthers: Filaments consist of regularly arranged square cells; pollen grains 
tubercular, having three pores. 

Style: Cells of apex papillose; those of the stigma present a scale-like 
arrangement. 

Receptacle: Characterized by large, rounded, pitted cells. 

Peduncle: Débris furnished with T-shaped hairs and oil glands. 

Hart (119) has called particular attention to the large number of 
translucent particles which he found in the ray florets. They oc- 
curred in every part of the flower head, except the bracts, but were 
most numerous in the ray florets. When treated with osmic acid 
they darkened very slightly, if at all, but when treated with an 
alcoholic solution of alkannin they turned red, which proved them to 
be resinous. 

Schrenk (249) observed that the stems of the flower heads of Chrys- 
anthemum cinerarizfolium (furnishing the Dalmatian flowers) consist- 
ed of collenchyma tissue which exceeded in amount the bast and 
woody tissues of the fibro-vascular bundles. Therefore fragments of 
collenchyma cells would be present in proportion to the quantity of 
stems present, being very sparse in a good powder. ‘The use of chlor- 
iodid of zinc was recommended for their detection. Schrenk found 
the scales of the involucre to be stiffened on the outer side and on 
both sides of the midrib by a coherent layer of sclerenchyma cells, 
many of which were elongated, having oblique or pointed ends and 
being joined in the manner of prosenchyma cells. These were usually 
found as fragments in the powder, and could be recognized by their 
walls pierced with narrow canals. He also observed these fragments 
to be much more numerous in the Persian than in the Dalmatian 
powder. He explained this by the fact that the greater portion of 
the very rigid, greenish, involucral scales (with the exception of the 
dark, reddish-brown scarious margin) consisted of sclerenchyma cells. 
Numerous hairs of a very characteristic structure were found on the 
outer surface and along the membranous edges of the scales of the 
Dalmatian flowers and on the flower stems as well. Each of these 
hairs consisted of a long cell with attenuated ends, placed horizontally 
onal to 3 celled stalk rising from the epidermis. The terminal hon- 
zontal cell was bent and twisted in various ways, rather hooked at the 
end and forming feltlike layers, especially on the outermost scales. 

Schrenk detected few hairs in the Persian flower insect powder 
which he examined. The flowers of Chrysanthemum roseum which 
he subsequently examined were almost entirely glabrous, with the 
exception of the hairs found where the stem widens into the recep- 
tacle, as well as at the base of the outermost scales. The hairs were 
of the same structure as those found on C. cinerarizfolium, only the 
terminal cells were much longer. He considered the papille covering 
the upper epidermis the most conspicuous among the fragments of 
the marginal corolla. These were not regarded as diagnostic, since 
the petals of other related species are similarly constructed. Stomata 
were remarkably numerous on the lower side of the marginal corolla. 
He did not find the insect flowers raised in California (Buhach), 
which belong to C. cinerarizfolium, any different in structure from 
flowers grown in their native country. 
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Kirkby (156) and Verneau (285) have called attention to one dis- 
tinction which they believed might aid in identifying the Persian 
powder. They found the papille of the ray florets to be larger than 
those of the Dalmatian florets, thickened somewhat more at the apex, 
and with sides making a wider angle. Malfatti (486) has gone into 
the description of the Caucasian (Chrysanthemum rosewm) flowers 
quite extensively, figuring the various parts of the flower head. 
Siedler (258) describes the physical characteristics of powders made 
from different parts of the omer: 


MicroscoPpicAL EXAMINATION oF Insect PowpzER 


Before attempting the critical examination of a commercial insect 
powder, the microscopist should become thoroughly familiar with 
the various parts of the insect flower head, in the whole as well as 
in the powdered condition. It has been found advantageous to sep- 
arate the disk and ray florets, the achenes and bracts, grinding them 
separately to the average fineness of a commercial powder. A study 
of these powders ground from the separate parts of the flower head 
will Enable one to readily recognize them in a commercial sample. 
Powders ground from closed and open flowers should also be ex- 
amined. The closed-flower powder is rich in the spiny, 3-pored 
pollen grains, and should not contain an excessive amount of scler- 
enchymatous tissue. The presence of considerable sclerenchyma- 
tized tissue usually indicates very mature (open) flower heads. The 
powder of open flowers does not contain as much pollen, but tissues 
EN achene are present in appreciable quantity (PI. IV, figs. 
1 and 2). 

The powder to be analyzed microscopically should be thoroughly 
mixed. This is best done by spreading the sample upon a sheet of 
white paper and mixing the powder with a spatula. Flattening 
the powder out upon the paper often reveals the presence of whole 
unground pieces of material which can be transferred to a micro- 
scope slide and examined. After mixing, a composite sample is 
taken from various parts of the sample. A small quantity of the 
powder is placed upon a microscope slide, a drop or two of distilled 
water added, and the cover glass adjusted. If examination of the 
water mount reveals the presence of any foreign starch, a small 
quantity of a solution of iodin in potassium iodid is drawn under the 
cover glass. This reagent stains blue any starchy material that may 
be present. For further examination a small portion of the powder 
should be mounted in chloral hydrate solution and gently heated over 
the flame. This solution serves to dissolve any starch that may be 
pees and clears the tissues generally. Until the microscopist has 

ecome thoroughly familiar with the Pyrethrum tissues, standard 
samples ground from the various parts of the flower head should 
be kept on hand for comparative study. 

Siedler (258) aaploved phloroglucin and hydrochloric acid in de- 
tecting the presence of lignified tissues (vanillin reaction). On ap- 
plying these reagents to disk-flower powder very little lignified tissue 
was evident, although pollen grains and fragments of papillate cells 
were numerous. The powder from the involucre showed a large 
number of woody elements, isolated vessels, thick-walled prosen- 
chyma cells, scleroids, and pitted parenchyma cells. The short- 
stalked T-hairs were characteristic of this powder. The ray-flower 
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powder exhibited very little lienified tissue, but a large number of 
papillate fragments, the cuticle layer, and large epidermal cells, 
which were characterized by their striated surface. The powder 
from the receptacle showed small, yellowish-brown ceils which did 
not give the vanillin reaction. Thin-walled, porous cells were nu- 
merous, also lignified prosenchyma cells and large isolated vessels. 


Frequently the analyst is called upon to make an estimation of the . 


approximate quantity of insect flower stems that may be present in 
a powder. The fragments of stem tissue, occurring to some extent in 
every insect powder, are readily distinguished from the other tissues 
present. The stems, when ground, invariably break up inte iongi- 
tudinal sections. Cross sections seldom appear in the powder. 
These long strands of collenchyma cells, fibers, and vascular elements 
have a characteristic appearance, possessing brushlike or slightly 
frayed ends, differing very much from the shredded appearance of 
the fragments of bract tissue. For the purpose of estimating the 
percentage of stem tissues present in a powder, it has been found 
convenient to make up standard powders, containing known quanti- 
ties of ground stem tissues, to be used for comparison with the com- 
~mercial samples. Mounting the powder in xylol often facilitates the 
detection of stem tissues. The patches of involucral tissue are in- 
variably torn and coarsely shredded, and not in the long, smooth 
pieces characteristic of the stem tissue. The fruit (achene) tissue of 
the Dalmatian flowers occurs in squarish patches of short,thick-walled 
sclerenchyma cells, containing numerous crystals, many of them 
diamond-shaped. These crystals exhibit a variety of colors under 
polarized light, and are a means of distinguishing the Persian from 
the Dalmatian flowers, the Persian flowers-lacking these crystals in 
the achene tissues. 

Microscopically some differences exist between the Persian and 
Dalmatian powders. As has already been mentioned, the marginal 
papille are somewhat different in the two species, although this 
character would not be recommended as a final means for distin- 
guishing between the two. The two varieties of flowers are much 
more easily distinguished from each other in the whole form than in 
the powder. 


Histrotocy oF PowpER HLEMENTS 


Powder, when pure, is a golden yeilow, turning bright yellow when 
mounted in potassium hydroxid (or other alkaline) solution. Japa- 
nese powders appear to be more yellow and aromatic than other com- 
merciai powders, and assume various greenish or ashen hues, depend- 
ing upon the amount of stems present. The pure powder possesses 
more or less of an aromatic odor. If stems are present in appreciable 
quantity, the powder tends to have a characteristic sage or tealike 
odor. 

Phloreglucin and hydrochloric acid are useful in determining the 


amount of lignified tissue present. Lignified tissues assume a red — 


coloration with these reagents. (Phloroglucin solution: 0.1 gram in 
10 cc. of 95 per cent alcohol. Concentrated hydrochloric acid.) 
Potassium iodid solution of iodin turns starch a deep blue (0.05 
gram of iodin and 0.2 gram of potassium iodid in 15 ce. of water). 
Chloral hydrate solution dissolves starch and clears the tissues (about 
5 parts of chloral hydrate in 5 parts of water). 
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Fic. 1.—‘‘PUCKERED’’ PAPILLA, RAY FIG. 2.—MARGINAL PAPILL&, RAY FLORET. 
FLORET. (X290.) (CKD (05) 


Fic. 5.—BRACT TISSUES. (X120.) Fic. 6.—STEM TISSUES. (X84.) 
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Fig. |.—SiNUOUS CELLS, RAY FLORET. 
(X254.) 


(X60.) 


Fic. 5.—PAPILLZ, RAY FLORET. (X1I40.) 


PLATE II. 


Fic. 2..—STRIATED CELLS, RAY FLORET. 
(<290.) 


Fig. 4.—STALKED HAIR. (MAGNIFIED.) 


FIG. 6.—PORTION OF STIGMATIC LOBE. 
CaiSo0s) 
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Fig. |1.—CRYSTALS, DISK FLORET. (X1I96.) 
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FiG. 38.—POLLEN GRAIN. (X290.) 


Fig. 5.—ACHENE TISSUE AND CRYSTALS. 
(X204,) 
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Fic. 2.—TOOTH, DISK FLORET. (X1I40.) 


FIG. 4.—POLLEN GRAINS. (X140.) 


U 


Esl 
cae 
Co 


Fic. 6.—CRYSTALS FROM ACHENE. 
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POWDER FROM OPEN FLOWERS. 
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POWDER FROM CLOSED FLOWERS. 
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| figs. 1 and 2). 
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DALMATIAN FLOWERS 


1. Numerous 3-pored, spiny pollen grains (PI. III, figs. 3 and 4). 
2. Marginal papiliz and papille in surface view presenting a 
puckered” or 3-cornered appearance (PI. I, figs. 1 and 2). 

3. Sinuous, striated cells of epidermis of ligulate florets (Pl. I, 


14 


to} 


4. Toothed fragments of the disk florets (Pl. III, fig. 2). 
5. Shredded fragments of involucral scales, strongly lignifed (PI. I, 


pam. 5) 


6. Attenuated and twisted horizontal cells of T-shaped hairs from 


_ the bracts (PI. II, figs. 3 and 4). 


7. Occasional strands of stem tissue, much larger than other frag- 


_ments, and usually possessing roughened or fibrous ends (PI. I, fig. 6). 


8. Oil glands from the corolla and fruit. These are very seldom 


detected in the powder. 


9. Somewhat rectangular patches of sclerenchyma tissue from the 
fruit, containing numerous diamond-shaped crystals exhibiting a va- 
riety of colors under polarized light. Numerous isolated stone cells 


are also often found in powder ground from mature flower heads 


(Pi, fies..3 and.4;° Pl. 111, fig. 6). 
PERSIAN FLOWERS 


The diagnostic characters of the Caucasian or Persian flowers 


(Chrysanthemum roseum) in the powdered form are rather similar to 
those of the Dalmatian flowers. As already stated, the papille of 
| the ray florets differ somewhat, and the achene tissues do not contain 
| the crystals characteristic of the Dalmatian flower fruit. The reddish- 
| brown scarious margins of the bracts are often more striking in the 
| Persian powder than in the Dalmatian. Collin (47), who also studied 
the Persian flowers, has summarized the principal diagnostic char- 
| acters which distinguish them from the Dalmatian flowers. 


SUMMARY 


Of course, the relative abundance of many of the tissues mentioned 


depends upon whether the powder is ground from open or closed 
| flowers. Pollen is more abundant in closed-flower powder and 
_sclerenchyma, tissues in open-flower powder. The greater part of 


the pollen of closed or immature flower heads still remains in the 


| closed “buds” or heads, the pollen not having as yet been scattered 
| by the wind. On the other hand, the mature flower heads are prac- 
| tically devoid of any great quantity of pollen, but contain the mature 
| achenes, or fruits, still attached to the receptacle, or, very often, 
| fallen out, depending upon the ripeness of the heads. Consequently 
| appreciably little of the achene or fruit tissues is found in closed- 


flower powder, whereas powder ground from open flowers is rich in 
the lignified tissues of the fruit and contains no pollen grains. 
Stem tissues occur in all powders to some extent, although they 


| should not be present in excessive quantity. Careful study of the 
| stem and flower head tissues shows that there is not the shghtest 
| difficulty in distinguishing between them. 


The following references in the bibliography (p. 78) deal with this 


| subject: 23, 24, 29, 47, 69, 106, 115, 116, 117, 118, 119, 187, 148, 150, 
| 152, 156, 162, 163, 169, 174, 186, 199, 202, 246, 249, 257, 258, 261, 
| 278, 279, 281, 282, 285, 289. 
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CHEMICAL METHODS 


In all of the published work relating to the chemical analysis of 
insect powder the determinations have been practically confined to 
those of ash and of ether-soluble material, together with specific tests 
for turmeric, lead chromate, and other adulterants, the presence of 
which might be suspected. As long as the active principles of the 
powder were unknown, a comparison of the ash content, color, and 
quantity of ether extract of the sample undergoing examination with 
those of powders of known purity afforded the only method of judg- 
ing the génuineness of a commercial powder by chemical means. 

The first published analyses of insect powders are those reported 
in 1879 by Hilgard (131), who determined the ether extract of four 
samples with the results shown in Table 4. 


TaBLe 4.—Kther-extract content of insect powder (Hilgard) 


Ether 
Eroduct extract 
Per cent 
{SPersianvlnsect (Pow d Or see reget oe eres ee a ce cena Sea pe Re oes oe 9.5 
‘’Buhach?’«(sample ‘grown 1878) sees ae a Ee Ea ee See ee ee ee eee ; 6.1 
S“Bihach?s (Sample: crown sit 1879) ae eee Ne ee a at re ee ee ee ee 5.8 
poliyou's Magnetic: POWGEr ace 2 Tee Sie pe Se ie ee toe ee ee 4.9 


His tests of these extracts on insects showed that the quantity of 
the extract present was not necessarily a measure of the efficiency 
of the powder. 

Grote (108), in 1880, found lead chromate in a sample of insect 
powder. He believes that the odor of an insect powder furnishes 
more evidence of its genuineness than the color. Kral (164), in 
1880, found curcuma in a series of insect powders, but no lead chro- 
mate. Howie (139), in 1883, reported the results of the chemical 
examination of 12 insect powders. He considered the chemical 
method for the detection of added coloring matter as more accurate 
than the microscopical method. ‘The results obtained on these 12 
samples are shown in Table 5. 


TaBLe 5.—Chemical examination of insect powder (Howite) 


Sample Vendor’s definition Color Adulterant Ash 
Per cent 

dsm Sect apowid Chess ae eee Drape fe. eee Genuine 4 oe See eee 6. 2 
Del sane (6 a pera teh OM Foal cher cota aealivs Faces al ea dos an |e eee O22 SS SSS See RR Bie] eae Td 
By Ppebede meebo 2 fu oP Seaside vote Dees Oliverdrabases see ole ae et oe eee a Sapp aa ote 6.0 
4 | From closed flowers_.---_..------- “Yellowish sees see (6 C0 Pes SRE aT eatin Des RE Ker 6.8 
jn) PAL-closed flowers a= oo eee Oe eee AE | Re Keep eee tert g | aay Sees 6.2 
6) Open flowersss: 2 ee oe eee (0 Yo UR aes See P| GOs FS eR 2 Rec ene 6.2 
fl Ee ACKEG DO WiC Cleese ne = eee eee SY all OWE 1: Seen Chrome. 222-4 ese0 Stee 10. 5. 
tte eee Gos {pita o Pee re ees eS ee (oe ee gees la ae Ost Foe ere ERT eee 9.6 
ONO pte. Pe eer SOE Fe See ees | ele GOszee hha | See QOf aa ae 9. 2 

10} | PAlieclosed* flowers ease eee eee (a Koyercse Ree Turmeric and chrome_-_-_-__---- 8.0 

ME Moneion’: te . ea a eee | gee do.oe eee Chrome 4 ee ee 9.4 

JTPeal Fal D el nay i a ini, gees te al SY Very yellow__-_- Turmeric. #432 = ees 6.0 
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An anonymous writer in 1884 (13) suggested testing insect powder 

with ammonia water, which would cause an artificially colored powder 
to turn.a more or less dark brown, while an uncolored powder would 
change only slightly. Exposed to direct sunlight a genuine powder 
in the course of a La hours loses its color, according to this writer. 
Meyer (202), in 1887, proposed to test for mineral impurities in an 
insect powder by shaking the sample with chloroform, which would 
cause the powder to rise to the top of the liquid, while the inorganic 
substances would settle to the bottom. 
_ In 1888 Hart (119) found an ash content of from 6.1 to 6.4 per 
cent in samples of insect powder and one of from 5.4 to 6.1 per cent 
in insect flowers. The ash content of the peduncles and receptacles 
of the flowers was 5.6 per cent. Beringer (29), in 1889, made the 
determinations given in Table 6 on flowers of the Chrysanthemum 
cinerarizfolium and of the Hungarian daisy (C. leucanthemum). 


TaBLE 6.—Chemical analysis of flowers of C. cinerarixfolium and C. leucanthemum 


(Beringer) 
Determination 
| | 
Product Petro- 
leum- Ether Aleohol | Water Ach 
ether extract extract | extract 2 
extract 
| Per cent Per cent | Per cent | Per cent | Per cent 
Chrysanthemum cinerarixfolium___...-._._-----------| 2.49 | 2. 85 6. 57 | 16. 70 | 6. 50 
PMI P ALLA als yer 2 ae 5108 | fee Sate PE a ee eb thy) 3. 37 | 2. 68 9. 45 | 13. 43 9. 30 


| | | 


eo 


Beringer stated that no difference could be detected between the 
two powders by microscopical examination. _ 

Unger (282) reports certain results of examination of Pyrethrum 
flowers (Table 7). 


TABLE 7.—Chemical analysis of Pyrethrum flowers and powder (Unger) 


Determination 
Sam- Moisture 
ple Product Ash on Remarks 
No. Rae 
= Dried ree 
over Los ee basis 
HoSO;z 


Per cent | Per cent | Per cent 


1 | Closed Dalmatian flowers____________ 7. 02 8.4 7.67 | Much manganese present. 
Hg ace Dee Sie 8 SE ee ee ee ee fPOdu pesen eee 6. 89 Do. 

3 | Open Dalmatian flowers_____________ E45 es SS 6. 04 Do. 

Aa eSeeh POW Gers. = ee BeAQh Wena ee ee. 7.07 Do. 

5 | Closed Dalmatian flowers____________ 10. 29 10. 81 7pni 9 Do. 

6 | Powdered closed Dalmatian flowers_- (Say (Tin ek eee 2 7. 56 

7 | Dalmatian insect powder___________- HON pera oo 6. 21 Do. 


Three samples of flowers, two of Pyrethrum roseum and one of P. 
caucasicum, grown near Berlin, were examined, the results in Table 8 
being obtained. 
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TABLE 8.—Chemical analysis of insect fiowers grown, near Berlin 


Determination 
Sam- 
ple Product Mois- Ash on Remarks 
No. ture water- 
(loss at free 
100°) | basis 
| ' 
Per cent | Per cent 
| SRlowers Of ECarneuite 22 oe, 8.3 | 8.18 | Much iron present, but ro manganese. 
2 | Flowers of P. cawcasicwm____________ 5. 67 | 7.92 | Iron (9.19 per cent) present. 
3 lerlowersiol 2. conneum 22 eee 4. 88 | 10. 21 


_ Unger (282) reports the analyses given in Table 9 for adulterated 
insect powders. 


TaBLEe 9.—Chemical analysis of adulterated insect powders (Unger) 


Sample Product Ash Remarks 
Per cent 
1! Insect powder_-___-____- 6.61 | Stems present; almost no pollen grains. 
is it (GCE RR ae eg ee 9. Curcuma and stems present; pollen grains few. 
Sees COs es We eee a3 Curcuma present; no manganese. 
Zh eee GO keer eee ares 7.93 | Barium chromate and many stems present; no pollen grains. 
EN se oe GO Bese IE EL aan 8.33 | Lead chromate and many stems present; few pollen grains. 
62 )ee4s= Oso eee 7.39 | Very little manganese; curcuma present. 


In another place (282, p. 167) Unger has recorded the results shown 
in Table 10. ‘ 


TaBLe 10.—Chemical analysis of insect powders and flowers from Daimaiia (Unger): 


Determination | 
Sam- | 
ple Product Ash on Remarks 
No. = water- 
| Moisture rooa 
basis 
Per cent | Per cent 
‘(Insect pow derzs=2 ee eee 8. 56 8.33 | No manganese; barium chromate and stems 
present. 
PA Ty Ou eens eee: ere eae Fee ate aaa a epee de Do. 
Bie ees CQO SR fae Se ee pegee eos 7.3 | No manganese; much iron. 
4 | Flowers from Spalato______- 8. 44 6.74 | Strong in manganese. 


! 


From the fact that he found no manganese in Pyrethrum stems, 
while it was always present in the flowers, Unger proposed to deter- 
mine whether a powder was strongly adulterated with stems by testing 
for manganese. ‘Thoms (274), in 1890, however, found manganese in» 
the ash of Chrysanthemum leucanthemum and Pyrethrum andicum, and 
Siedler (258) showed that Pyrethrum stems are not entirely manga- 
nese-free. Appreciable quantities of manganese in Pyrethrum stems 
from Japan have been found by the writers. Unger’s test is of no 
value. 


‘ Manganese was determined in the various grades of insect flowers and stems of both Dalmatian and 
Japanese origin, the following average amounts being found: Japanese sterns, 0.0123 per cent; Dalmatian 
stems, 0.0077 per cent; Japanese closed flowers, 0.0155 per cent; Dalmatian closed flowers, 0.0096 per cent; 
Dalmatian open flowers, 0.0076 per cent. The manganese content of both stems and flowers varies so 
greatly and differs so little in the two parts of the plant that any method for estimating the amount of 
powdered stems in an insect powder from a determination of its manganese content is valueless. 
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Thoms (<74), in 1890, reported an ash content of 6.93 pef cent in 
whole flowers of ©. canerarrefolium, and one of 6.94 per cent in the 
same after powdering. He (275) would determine the value of an 
insect powder by a determination of its ash and petroleum-ether 
extract, together with a miscroscopical examination. From Dalma- 
tian insect powder which had been dried at 100° F., Thoms obtained 
by extracting with petroleum ether 5.34 per cent of a brown-yellow 
extract (dried at 80°), which had a strong odor of insect powder. 
Other powders gave from 5 to 3.89 per cent. An adulterated insect 
powder gave only 3.83 per cent extract, without the characteristic 
odor. Flowers of C. leucanthemum (Hungarian daisy) yielded 4.02 
per cent extract. 

The Chemist and Druggist for March 22, 1890 (17) reports an ash 
content of 6 per cent on a sample of insect powder prepared from 
flowers grown in Gippsland, the southeastern district of Victoria, 
Australia. | 

EKymard (77), 1890, gives the analysis of Pyrethrum powder shown 
in Table 11. 


TaBLe 11.—Analysis of Pyrethrum powder (Eymard) 


1 SSIS SUE TIES (E22 a a ae a Small amount. 
Bodies soluble in ether (5.60 per cent) composed of: 
RECs) OCICS PCIGeN Ue ae eon Sos ar noe An ae 3. 80 
PeCcinOlUsabOUIES (MER Cents = ac a ee 1. 80 
Bodies soluble in alcohol (94.4 per cent (sic)) composed of: 
noma whe sthepMenicem ty) esta wk eed Re Re 4. 80 
Riant aibumen, (per ceni)y ins. | ers a i Lr® 
Caminvasiiostaneessoer Cent) jee So be Sh 14. 75 
fmuhneand-soluble:amidon:(pericent)...- = 5 «2 8. 50 
Mineralcallis. (percent). i = ner aes SB esr aN es 7. 88 
Woody matter, by difference (per cent)_____--______*+___- Ha, 772 
fikey tam Clement) 2a: tee ee 2h a a Ds a ee 100. 00 


Mineral matter: 
Poiascam chien (penrecent).- 2 1 
Czlemuin Carbonate (per cent) 45... Ba soe 4, 
Calcrrmr phosphates(pert cent)m Ste 5 err his eee Orlr/; 
Front ame ssilicart( pet Cent) 32.0 kk a a 1 


7. 88 


Thompson (273) gives the results of the analysis of a number of 
“genuine” insect powders (‘Table 12). 


TaBLE 12.—Analysis of ‘““genwine’’ insect powder (Thompson) 


| 
| 
up le Color Ash 
Per cent 

i TESST Ss 2 SS RE ee a Ue nn he ea Ce | 6.5 
PRC LOVASHE DEG wae 4 eer eee t RAPT eb rember se A mreseegrye dere: Fla bd ale 6.6 
SRE ELTUEG ONO WAGTIC DLO WI == oe ew, Ey rr ee A ee a ee 6.9 
4+) Loin chy) Bes? op Oe he Se ee Be She 8 Ot SG BS SONNE RS TE OR eee eee wes i ee 6. 59 
Se eoti ey COIS EDO Wits abo Bowe Dol ee A ee Be 6. 2 


Of two samples which contained iead chromate, one was deep 
yellow, with 12.6 per cent of ash, while the other was dark yellow, 
with 26.8 per cent of ash. 
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Gehe & Co. (92) give the following results of the analysis of asample 
of insect powder from Dalmatia: Soluble in alcohol, 26.35 per cent; 
insoluble in alcohol, 56:27 per cent; water, 8.45 per cent; ash, 8:93 
per cent. As they themselves state, this analysis is worthless in 
determining whether the sample is genuine or not. 

Mill (132), 1894, stated that genuine Dalmatian insect powder has 
a greenish-yellow color, possesses a characteristic tealike odor and a 
slightly bitter, aromatic taste, and shows on analysis from 8 to 10 per 
cent of moisture, and from 6.5 to 7 per cent of ash, which is almost 
entirely soluble in hydrochloric acid. 

Dieterich (69) records analyses of a number of samples of insect 
powders, including a determination of the maximum size of the par- 
ticles in microns. He sets the following limits for a good commercial 
insect powder: Maximum size, 255 microns; moisture, 5.55 to 13.95 
per cent. In the Erstes Dezennium der Helfenberger Annalen, 
1886-95 (page 420), as the average of all determinations made on 
insect powders during that period, the following are given as the 
limiting values: Moisture (loss at 100° F.), 5.55 to 13.95 per cent; 
ash, 6.07 to 8.70 per cent; potassium carbonate in ash, 28 to 38.33 
per cent; maximum size of particles, 109.44 to 175.50 microns. 


TaBLE 13.—Chemical analysis of insect powders (Dieterich) 


Determination 
: ais ~ Maximum 
ample No. ear : size of 
oa: eth rp BG Oaa eee cles 
100°) 2S 
Per cent | Per cent | Per cent Microns 

Posen Acs chal a ee a RE ae we ARE, A pe RR ID ot 9. 55 8. 35 23. 47 179. 55 
PAS he! AE ERS EE NER Se sae SES Oe een ie wees 1896 8. 25- 7.69 31. 57 255. 15 
Bee ae I Sb Sie Seas hm Sel ie RRC Se nd el eg Bene 11.18 7. 58 30. 96 151. 20 
Figsirg eo ha BOE alo oO SRE eel See Cee LW oe 194 Be (53S 33. 80 190. 35 
Fei gpsk Ge STS Bae ae ee ERR SN TOR Mere mete ry henen ee es rein Le TS 1897 9. 53 6. 61 38. 05 139. 05 
By 5 ne ees eee ER Sa gs esa PCE eee 11. 12 7. 45 17. 01 153. 90 
A sae i Ne on he ae ae oy EAT, ewe eA 10. 60 6. 80 33. 51 141. 75 
TESs Seite 2 eo wig beatae Neale ere Dae cee ee ae Lt a a eel ad 11. 26 8) 06 teens 148. 50 
DARE as oe pia a pe SES Sips ae ee a 6.95 Gia OTe 311. 85 
2 Ee ne ee OS Be Pea eee oe Oe ep a See Ed NN Leg Tn dl eka (alts s| est ea 302. 40 
Ary PS As Fo) Bp ol og Bore Spl ice fehl a a Np EI 1900 9. 93 1256s ee eee 141. 75 
pee meee te te ak os Sa ae nye Senter ee ee pee 9, 33 $5750 eee PHD 
0 Sa Ce are ROR Se IB oe i Pe ae 638s sees ee 155, 25 
Ulett NEE SNS pe Se rE, Se REELS He ce Rie age Tee) 7. 43 6: 9Ocioe ee 1S8. 45 
iE SAB Seas EE OF NA Se Apa SEE EE Sa ae 10. 33 6: 654M Sa 8 ae 198. 45 
7 A ap ate is eg ag ae RO RNG es ae OS OER et SIE Ne, SRS gk 1901 11. 97 L603, 22s 145. 50 
oo ACE Bs BAN The g Dl se Stee ah a td a 9, 28 QE) AE RS eee ee 
AS SER Eee OE oe EEE Sa we SP Re ee ee a Gam | ee ee 9°63) |2 2322S eee 
[ peaiy Set ee ee Seemed 5. 8 peed: oer te tied RemRa Nard ea end Exe 7.97 7 01s |e 202. 50 
PC Ss Vittles cSt aes Opp Rand Sees SP of 2 ay UE Non Bn Bh Rec ae 1902 8. 83 6529" [a eee ee 135. 00 
9 Sea nines eR See i, SF sr Sele RS al Nate are Ee NS ote Men 10. 52 GG st Sse eee 67. 50 
1 ER ia acre SMe EN al ihc Seppe pay 5 ae EI ANT, pn SS Le. 10. 04 17 40-|2 Sees 190. 35 
Ae, ee ae Cs neo Ry EE Spe ES Lee ee ee 1903 8. 57 Gl7b ae = 162. 00 
5 ues ree ee pee en es on Sparen Me eA ee ae bec rhe 9.05 ((2305|Seseen ees 135. 00 
3 Gl Ae oe Seale Se een Sen Reeder Me ee LAE ee eee 7 a el See 2 2 1904 8. 81 Grabs ae ee 162. 00 


In the Helfenberger Annalen for 1902 (page 186), Dieterich reports 
the results of the determination of the ether extract of insect powders, 
using the method of Fromme (85), in which 8 grams of powder are 
treated with 80 grams of ether of specific gravity 0.720 at 15° C., 
shaken at intervals during 1 hour, then 50 grams (5 grams powder) 
shaken with 1 gram of water and filtered. The filter is thoroughly 
washed with ether, and the filtrate evaporated and weighed. The 


a. ae 


a var 
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extract of insect powders made in this way varied from 5.16 to 5.38 
per cent. 

Durrant (73) is the author of the ether extraction method that 
has been most generally applied in the valuation of insect powder. 
He proceeds as follows: 


Place 100 grains of the powder in the cylinder of a glass syringe (1 ounce). 
The powder should be pressed down compactly on to a piece of absorbent cotton 
to act as a filter. Moisten with ether (0.735 sp. gr.); close the top of the syringe 
and macerate for 30 minutes; percolation may then proceed, the powder being 
repercolated with the same fluid four times, and finally washed through with 
sufficient ether to make up 1 fluid ounce. The resulting percolate should be of 
a rich yellow color; if a pronounced green color be the result the sample may 
be disearded at once. 

This percolate should be evaporated at 200° F., and should weigh not less than 
3.75 grains (=3.75 per cent), and should have the characteristic odor of the 
flowers * * *, Insect powder ground from selected closed flowers is sensibly 
free from chlorophyll, whereas traces of it (less than 0.5 per cent) will be found 
in powders prepared from mixed and half-open flowers, and in the foreign ground 
insect powders it often amounts to from 50 to 80 per cent of the total ether extract. 


Durrant suggests the determination of the amount of chlorophyll 
when it is present in large quantities, by converting it to glucose and 
determining that in the regular way. He concludes: “The value of 
insect powder is in direct proportion to the combined amount of 
essential oil and soft acid resin and in inverse proportion to the 
amount of chlorophyll—both statements to be read together.” 

Francis (84) determined the ether extract of a powder made from 
a P ”? a B) 

eround flowers only,” one from ‘‘ground stems only,” and of a 
“mixture of these two in equal proportion,” to be as follows: Ether 
extract of flowers, 6.07 per cent; ether extract of mixture, 3.82 per 
cent; ether extract of stems, 2.25 per cent. He states, ‘‘ The ether 
extracts in each instance had a decided green color, indicating the 
presence of chlorophyll.” 

Dowzard (71) estimates ether-soluble matter as follows: ‘‘ Two 
grams of the sample are mixed with 50 cc. of ether in a stoppered 
cylinder, the mixture being shaken at intervals during 2 hours; 25 
ec. (=1 gram powder) of the clear ethereal solution is evaporated 
in a tared beaker and the residue weighed.”’ He also makes use of 
physiological tests: ‘Two grams of the sample is transferred to a 
beaker, a cockroach is then introduced and the number of minutes 
which elapse before the insect becomes stupefied are noted.” He 
gives the results of the examination of 12 samples shown in Table 14. 


TABLE 14.—Ezamination of insect powder (Dowzard) 


seuiod of a . Period of - Eerod of ae 
. physio- er physio- Ether NT physio- ther 
Sample No.| ‘ogical | extract || Sample No. logical | extract || S8™Ple No. | ‘logical | extract 
test test test 

Minutes | Per cent Minutes | Per cent Minutes | Per cent 
ee 4 Sai Seba sz 5 CHa Gee A 7 5.0 
tae ee Se 5 eG Ges ek el 5 SiO lO Sai ae 8 | 3.2 
a 5 FAAP Yee 5 Sede — eee | 12 4.2 
(ae oe ee ae 5 6.6 Sas he ee 5 | oH DSc eta ea | 12 | 3.0 


Dowzard adds: “TI think the figures prove that the value of insect 
powder as an insecticide is in proportion to the amount of ether- 
soluble matter present. Of course, it is impossible to obtain exact 
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results with the physiological test because of the difference. in size, 
health, etc., of the insects. In good samples of insect powder the 
ether extract varies between 5 and 9 per cent.” ; | 

Dietze (70), of the firm of J. D. Riedel, Berlin, records numerous 
tests on insect powders (Table 15). He used powder ground by 
himself from closed flowers, and also commercial powders. Dietze' 
prefers petroleum ether to ordinary ether as a solvent, as the former 
takes out the “‘active principle only,’ whereas ordinary ether extracts 
a number of other substances at the same time. In most cases the 
ether extract is more or less green, and has a less powerful odor than 
the petroleum-ether extract. Table 16 shows the results obtained 
upon various adulterants of insect powder. 


TaBLe 15.—Chemical analysis of insect powder (Dietze) 


Determination 


On water-free basis 


Soluble in— 


Sample No. 


; Moisture eee eb eee Se ey 8 ol seen erro 
oss at Ash | 
ce Ether Equal 


Ordinary} Purest mixture | 


| petro- petro- Chloro- | of chloro- 

Specific | Specific leum leum form |formand 
gravity, | gravity, ether ether ether 
0.735 0.720 (0.720) 


a 


Powders prepared 


from closed flowers: | Per cent.| Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
1 eee a ee es eu 7. 43 7. 68 9. 38 7 (ACB pares pated) Sis paw en.) 7. 02 6. 81. 
ds at See cape ie Ne WY 3. 42 8. 26 8.59 ML Ere Te ee) ea ete Pee re eee Se eee 
OSE age Non Mee ere eo 8. 28 Te2l pec eA OE ee ce ee ee ir | iret An re 
Eco o105 Oe ae i. 8. 10 Toei! 8. 14 [otis be DE SEG Sa RSF ek See 
CFS ea ae UT Se 6. 16 8. 34 8. 23 yess s Sle ees 35686). 2. tlle ae 
GSa ene os ae Ore Se 7. 41 6. 70 6. 44 4.35 2. 50 2. GL ee ee 
eer ha es tee 6. 95 7.70 6. 46 5. 24 3205 3. 120 TS ee Ce ee 
ee ei et 4. 55 7.77 6. 7 5. 01 2. $3 2. 69sec: 5 2c Pa 
UES ae, 8 Peale SE te 8. 90 6. 65 6. 7. Oe 787 [Eis oF ee 3235) 22 ea ee 
ee ee ie 6. 75 6. 71 Sales renee 2. 83 5. 26 5. Fa 
sh sieaen= ip neare ahd ma 9.85 7.08 7.41 4. 88 PETG: 202-6 oes 2 eee 
2 iss eed SERIES 8. 48 7. 67 6. 59 4. 49 2. 60 22463 5: Se eee 
SB aes eee ee 8. 06 7. 49 6. 12 5. 92 3. 03 2597. Wont ol ese ee 
Minimum_._____ 3. 42 6. 65 6. 12 4,35 2.5 2. 02 * 5.26 5: 14 
Maximum.--__-_ 9. 85 8. 34 9. 38 7. 74 Salo 3. 68 7. 02 6. 81 
Averages. S20 7. 08 Waa2, 7. 30 5. 58 2. 83 2. 86 6. 14 5. 99) 
Commercial powders: : 
Hee SIS ed AGS 8. 33 6. 85 4. 34 DAQR aR aY Soa 1253) SS ee 
De redo de wena fe 7. 76 6. 58 4. 66 3215 le D2) epee baer eee ee 
ee eee re Meurer 9.15 9. 08 UGS: Bilbo 4 |eeeeee 22 oe 2: 647 a ee 
i, US rare baer or mnES 7. 03 8. 37 5. 19 4. 97 2. 48 2 29s ee 2. 834 
| eee ay 5 See 7. 63 8. 14 6. 09 Ay 5DN 2 so eee 5 264 b= eS eee 
(57 ee ee Se 7. 88 6. 83 6. 87 4. 04 3. 03 2. 91 4. 87 5.19 
ete erecen eter pees 11. 79 6. 63 6. 03 4, 29 2. 48 238° Et eee i 
SS ERs Se eet ae 8. 68 7. 36 8. 68 Sala 3. 47 3. 29 6. 03 5. 86 
Oe ee bases 9. 20 6. 94 8. 51 6. 17 3. 09 287 Ss ee eee 3 
LOL LAS eS oe es 6. 70 8. 10 6. 18 3. 52 2.,07,\. S458 ee ee 
TT) ead aie a 8. 62 7.45 4.41 2.41 60. i 2S eS eee 
5 ce IMS TERE Tae 4, 55 10. 89 34 7/ 3. 43 2.79: |b 2 ee ee eee 
Minimum______ 4. 55 6. 63 She 2. 41 1. 60 1. 53 4. 87 2. 83 
Maximum__-_-_-__ 11. 79 10. 89 8. 68 6. 17 3. 47 3. 29 6. 03 5. 86 
Average________ 8.11 7.77 5. 99 4,15 2. 63 2. 56 5.45 4. 63 
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TABLE 16.—Chemical analysis of insect powder adulterants (Dietze) 


Determination 
Soluble in— 
Adulterant Moisture Ether 
(loss at Ash Ordinary, Purest 
100°) petro- petro- 
Specific | Specific leum leum 


gravity, | gravity, ether ether 
0.735 0.720 


Johannesblumen von Chrys. Leucanthe- | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
TOONS UT A SEE ERE Ea ee a eM a ig 7. 59 8. 22 3. 76 305 1t7/ 2. 46 2. 25 
Hlorachamomenyele ese eee 10. 39 12.72 (el 4. 96 4. 69 4.14 
Ho echamonts Roman =.= 222s 2 ee ea ae 6. 78 8. 65 10. 06 5. 34 4.09 4.05 
Flor. chamom. Calendule____-___-_-__-__- 11. 85 9.19 8. 20 7. 59 4,25 4, 32 
ASTURIAS tees ee Soe ee ec a Be 0. 99 2. 66 0. 23 0. 21 0.18 0. 10 
Holiatse nia es Bees oan OS ae ee ee 10. 13 11. 06 5. 91 3. 69 3. 36 3. 39 


Dietze declares that the value of an insect powder can not be 
determined by any of these extraction methods, whether made 
with ether, petroleum ether, or chloroform, and the determination 
of ash and moisture, but that a practical test upon insects is necessary. 

Fromme (85), in 1900, published results for ether extract deter- 
minations of from 6 to 7 per cent on half-opened buds and from 7 
to 9.5 per cent on unexpanded buds. The ether extract of pure 
flowers is of a golden-yellow color, while that of the stalks is of a 
greenish tint, thus making it easy to detect such adulteration. 

Haywood (121) gives the results of the chemical examination of a 
number of commercial insect powders shown in Table 17. 


TaBLE 17.—Chemical analysis of commercial insect powders (Haywood) 


Determination 


Product 
hen Ether Lead Chro- Barium 


Moisture : mium Turmeric 
extract in ash Am aan in ash 

Per cent | Per cent | Per cent 
Black flag insect powder-_-______- 7. 2h 8. 01 8.91 | None___-| None___-| None____| None 
Lesr lots OE oc es eee Oe eee 6. 96 9. 69 9509) s2dor = Sree Ore |eeed ons) 0. 
Persian insect powder -_________- 5. 82 12. 02 5.15 | Present -} Present - a OE ae Do. 
Pyrethrum insect powder__-__-__ 7. 39 7. 80 8.38 | None____-} None____|__- doris Do 
Death dust for insects_________- 6. 75 7. 74 1OVGS nC eee |e do#s eh do=s2) Do 
Pyrethrum powder_-___________- 7.49 11. $1 6568) | 222d Oneees |e Goss |S= dora Do 
Dalmatian insect powder-______- 6. 24 8. 35 6:43n) 222 dosee4| 222 does doe. Do. 
Tiger insect powder -______-___- 7. 68 6. 47 6o22n==d 02s |= GOwexs |e doze. Do. 
Magic insect powder-___________ 6. 47 5. 90 Gy30s |==2 doe = |222 do |2-3d0= se Do. 
ENSCCL- DOW GC = ee 6. 87 8. 03 GS 85 [a Osan ae Osa ee dor Do. 


Later, Haywood (122) gave the results of the examination of 
commercial insect powders for the presence of chromates. Chro- 
mium was determined quantitatively in the ash by titration with 
permanganate, and the values calculated to lead chromate. Of 105 
samples examined, 19, or 18 per cent, were colored with lead chro- 
mate, the amount of which varied from 0.12 to 1.47 per cent. 

Grieb (1/07) gives the ether-soluble matter of a number of insect 
powders. Nine samples obtained at different times from the same 


15072 °-—-26—_3 
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source gave ether-soluble matter from 7.3 to 12.4 per cent, while 5 
samples from another source gave 7 to 12 per cent. Grieb makes 
a paca y test with 1 gram of powder, shaking it with 10 cc. of 
ether in a test tube, and if, after settling, the ether is of a marked 
green color (“indicating the presence of ground stalks”’), the assay 
is not proceeded with and the sample is rejected. 

Jean (1/47), in his analysis of a number of samples of Pyrethrum 
powder, determined moisture, ash, “acidity,” alcohol-ether extract, 
resinous substances, substances soluble in water, and the iodin 
absorbed by the water solution after rendering it alkeline by bicar- 
bonate of soda (Table 18). In order to compare these results, Jean 
eve a powder from genuine Pyrethrum flowers, called the “type” 
sample. 


TABLE 18.—Chemical analysis of Pyrethrum powder (Jean) ! 


Determination on dry basis 


| 
Gamaple Acidity | Alcohol- | Resinous| Soluble | y gin ab- 
Ash as ether sub- in Speed Moisture 
H2SOz | extract | stances | water e 
| 
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 

Dypettt futir piste: ag 8, 90 1. 00 24. 03 9.30 14.73 | S Sa! ietiee 
FANE Oe Mectads high RL Sak ES eT 7.47 . 99 24. 94 8. 01 16. 93 7. 65 11.5 
USE ee Fee ee aes Ss 10. 04 1.09 30. 47 13. 76 16. 70 5. 22 9.9 
OSA se WADA Be hee Ee | 8. 70 . 64 21. 91 9. 41 12. 50 3.15 8.0 
SS) eae ay rag ro gh etn ae) 9. 02 1. 03 24, 40 11.14 5.8 12.5 


1 Jean does not give his methods of analysis. 
2? Contained potassium chromate and sawdust. 


Sato (236) states that mature flowers of the Chrysanthemum 
cinerarrefolium should be used in preparing insect powder. The 
most desirable moisture content is 7 to 8 per cent; the ash is 6 to 7 
per cent, and always shows the reaction for manganese. The greater ~ 
the content of ether-soluble matter the greater the value of the 
powder. If the ether extract is green, leaves and stalks have been 
mixed with the flowers. The amount of ether extract should not be 
less than 6 per cent, and the ratio of ether extract to ash should be 
oreater than 1. H. W. and S. C. Gadd (90) give methods for de-- 
tecting turmeric and chrome alum in insect powder. For the deter- 
mination of ether-soluble material they use Durrant’s method. 
According to them the ash of a genuine powder should be of a light 
gray color and should not amount to over one-sixteenth of the 
original. 

Vogt (286) in 1906 wrote that he invariably found a rich yellow 
percolate to be characteristic of the finest insect powders. He ob- 
tained 7.72 per cent of ether extract in a sample of insect powder 
ground by himself from closed flowers, and stated that samples of 
powders guaranteed by first-class houses to be ground from selected 
closed flowers have yielded from 7.13 to 10.25 per cent ether extract. 

Evans Sons, Lescher & Webb (76) give the results shown in Table 
19 on the ether extract determination on insect powders. 


INSECT POWDER 35 


TABLE 19.—Ether extract determination on insect powders 


Ether 

Year Labeled as Ort ate 

Per cent 

OGG eapee i oe) a CA OSCOMIOW ChSe eo ee Seni! vile. wee eh ER a Ue or hn WS xe 8 to9 

TU Roo See ee ela PO DENENOW CL Start iec on eo eee: cn ene ae Ma uN 0 ee ee 5 to6 

2 eens oe Deir SUES Sr ee CE a 2 Ge Be Te ee SE ERS EOE opm at sae EO hoa 
iM hoe See eee oe GHOSE CLO WOES eg ei ee tee ee Sts 218 ee gd eS 8.5 to 8.8 
PO (Pee tere ODCAIOWCYSae se eee eee ren ne Re ee et POS ee 5.8 to 6. 2 
Li) oe = oe RS eee ROwaerdrom: ClOSad TOWCrS enn ee eS See 6.9 
TE U2 caer ee ear oe nage anal Merete Geet ee hee ee ee ee ree ee eee ee ar Le ee 6.6 
Toes ie Sea ee iIPewderiranivhal-opent towers. ee eee ee ee oe ES 5.9 
NOOO Sees iwerere o FEN e Bayi Crt ron ODEN HOW CES 62 ae ae ee eee ea ey Pel ee 5. 2 


One sample examined in 1909 gave only 4.3 per cent of an extract 
heavily contaminated with chlorophyll. Microscopical examination 
of the powder showed the presence of tissue derived from the stalk 
of the plant. Eight American commercial insect powders examined 
in 1910 contained from 3 to 4.8 per cent ether-soluble matter, the 
green color of the extracts indicating admixture of open flowers. 
and stem tissues. A few foreign-ground powders examined in 1906 
yielded from 2 to 3 per cent ether extract. The powders reported 
in Table 19, examined in 1906 and 1907, were of their own grinding. 

Southall Brothers and Barclay in 1910 (268) reported finding from 
7.57 to 8.28 per cent ether extract in authentic samples of insect 
powder when determined according to Durrant’s method. Japanese 
flowers, mostly open, gave 13.98 per cent ‘‘resin”’ of an orange- 
brown color. In 1912 (269) they found 3.81 per cent of a deep- 
green extract in a specimen of insect powder said to be ground from 
stalks. Leubner (172), in 1910, found 5.59 per cent of a dirty-green 
extract in a sample of insect powder. He macerated the sample 
with an excess of ether for 3 hours, and dried the extract at 100°. 

Cesar and Loretz (43), in 1911, gave their method for the determi- 
nation of ether extract insect powder as follows: Seven grams of the 
air-dried powder are treated in a 150 cc. flask with 70 grams of ether, 
macerated 2 hours, the mixture being frequently shaken by hand, 
then filtered through a 9 cm. filter; 50.5 grams (=5 grams of powder 
air-dried) of the filtrate are then evaporated in a 9 to 10 ce. porcelain 
dish over hot water, being careful not to set the dish on the ring of 
a Steam bath, as the solution in that case will creep over the edge. 
The evaporation is carried to dryness, and the residue brought to con- 
stant weight in a desiccator. The extract should have a golden- 
yellow color and a characteristic, powerful odor, which should not 
resemble that of chamomile. This method is somewhat different 
from that given by them in 1898 (42), a slight modification of Dur- 
rant’s test in which the extraction of the sample with ether was 
continued as long as the solvent took up anything, instead of ex- 
hausting with a specified quantity of ether. This method differs 
from that published by Fromme in 1900 only in the time of macera- 
tion, being two hours instead of one. 

Cxsar and Loretz (42) found that insect powder made from closed 
flowers yielded from 8 to 9.5 per cent of extract, while open or pany 
open flowers gave 6.5 to 7.5 per cent. They state that the color of 
the extractions varies from pure yellow, dark yellow, and brownish 
yellow to greenish yellow, whereas that prepared from stems is of a 
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dirty-green color, and, the residue amounts to only 5.5 per cent. 
They state furthermore that the insecticidal properties of insect 
powder are fully represented in the ether extract,and are not due 
to any alkaloidal bodies that the powder may contain. 

Linke (173 obtained the values shown in Table 20 on six authentic 
powders. 


TaBLE 20.—Chemical analysis of authentic insect powders and whole flowers (Linke) 


Determination 
Sample No. NAGISHHES ee 
(loss at (Durrant’s | Ash 
INE) method) 
Powder: Per cent Per cent Per cent 
2 ps Dor eet ean aw Naa Me RESIGN aie tintin Dis St sot yd wll ately See ae gs te 9. 08 4, 28 7. 04 
DeoWes A EEE Phd Oh pore Pi CG SR Ee Ee 9. 64 5. 48 7. 52 
Ee 5 UR ae ei, eee ee eles meh cree aed Sey ee ee le oe ee 7. 20 15. 56 7. 64 
Qs hikers wi Fete EEA CELE ERA itn oh In Re ae 6. 66 O22 || RL eee 
Go ieeu Pup sera page cy! aes Tip ee re FA epi ae: Teh oe gee. Silly Be 6. 22 6226) 
Re aR A ene eH ME ee SE i ren Se RI Fe als a) oo EA Mb RE 5. 24 5. 56 6. 56 
Whole flowers: 
LR RO aa ee eee NU, Seb Seer See mt re Na eee eee ere Se A LOE G2) | ee eee 5.88 
DENT Pipe SRO NR Se ee RNS ee eb ae ee Re es ee a 1LOS36-|222 Seas 6. 44 
Qe Seis ricce 0). ia bee pee! Ie) fh Pa Ree ee ee EE 10! 26\\|-22 a es 6. 44 


16.80 per cent when shaken continuously for 2 hours. 


In the ash, the presence of iron, manganese, aluminum, calcium, 
magnesium, sodium, and potassium was shown, but in no instance 
was chromium found. After evaporating the ethereal solution the 
residue was dried at 100° C. for one hour before weighing. 

Sattler (238) reports finding lead chromate in an insect powder, 
the ash of which was 6.105 per cent. Wiebelitz (293), in 1912, found 
a lower ash content in two samples of insect powder than that usually 
reported, namely, 4.7 per cent and 5.1 per cent. Siedler (150), in 
1912, obtained the results given in Table 21 on pure insect powder 
and on stem powder. 


TABLE 21.—Chemical analysis of pure insect powder and stem powder (Siedler) 


Determination 
Product : 
Moisture ae Ether 
at 110° ie extract 
rial 

Per cent Per cent Per cent 
iPure:insect powder0- |. ase So Pee eae ie ee eae ee a ee ee 10:77" |> 6:8E.107 294 eee 
Row der from: Dest Ho werss Soe Bee oe Se hl ra ee ee asi fa oa 6. 14 
SSE CIITA OW, CLO ee cee ae ee nh En ee Ae te OO 8. 69 6. 39 1.48 
Wnpowdereds butiftinely-cuG Howersst5- = oe ee ek eee Gi S6s/Eoe antec 


Siedler used ether with a specific gravity of 0.720, and, after com- 
pletely extracting the sample in the cold, allowed the ether to ae 
orate spontaneously, and dried the residue for one hour upon t 
water bath. The color of the extract of the powdered flowers was 
dirty yellow, that of the stem powder green. With concentrated 
sulphuric acid there was no characteristic color reaction with either 
resinous residue. Siedler found the petroleum-ether extract of pure 
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powdered flowers to be 4.01 per cent, and that of stem powder, 
1.01 per cent. The flower extract was a pure yellow, that of the 
stems a pure green. With concentrated sulphuric acid the petro- 
leum-ether extract from the flowers gave a deep green color, the stem 
powder a brown. He attempted to obtain a basis for analysis by 
means of the optical behavior of an alcoholic extract from flower 
and stem powders, but this extract proved to be optically inactive. 

In 1913 Siedler (257) commented as follows on the chemical 
examination of insect powder: 


As the best criterion for the value of the insect powder is the determination of 
the ether extract, which was first made by Thoms. Later this method was modi- 
fied in this way, that the powder was shaken with ether and an aliquot part of 
the decanted ether solution allowed to evaporate. This procedure has certain 
drawbacks. It is not possible to decant a definite quantity of ether solution 
without causing a difference in weight by evaporation of ether. Further, the 
ether solution can not be obtained clear except after long standing and it is very 
difficult to filter clearly. It always deposits fine dust after filtration. Finally, 
there is generally the feeling that the powder is not completely extracted through 
simple shaking, that a part of the ether-extractable material escapes deter- 
mination. 


In the same article Siedler gives results for the determination of 
ash in insect powders (Table 22). All these samples were ground 
from the best flowers free from stems, and had an average moisture 
content of 4 per cent. The total ash and the ash insoluble in dilute 
hydrochloric acid were determined on 2.5 grams of substance. 


TABLE 22.—Determination of ash in insect powder (Siedler) 


Tnsolu- Insolu- 
Sample No. Total ble in Sample No. Total ble in 
HCl HCl 


Per cent | Per cent 
9 0.1 


{Leaner ernie ie een = wee BR AT OSI eG st) TES eT Sate 

Deets aot Se 3 Pe Pe TEU py | lind ee eae ee BO 7.9 1 
Gis Se Sh ee tet tee 7.06 Se ee eee © Ue ie a ee Uo 1 
ue ee ote Bae Pee ee 7.0 Srl BS sabe seeps was SN Se Rae ae eS 7.8 1 
jee ern pee at 8. Le tao SIE E1OS! 2 Soe Sel eee ke wee 6.8 1 


Fromme (86) reports that the ash content of insect powder is 
between 6.5 and 9.5 per cent. Later (87) he criticizes the method of 
Trottner, whereby the value of the powder is determined by the num- 
ber of pollen grains present. Fromme found that some of the most 
active powders contain fewer pollen grains than other powders pre- 
pared largely from stems. The analytical results on seven samples 
tested are given in Table 23. 


TaBLEe 23.—Hzamination of active insect powder (Fromme) 


Pollen 
Ash Eile Color of ether extract grains in 

mg. 

Percent | Per cent : 

8. 21 Ga GOlG EHV EL O Wee ee 2 re See Oe a Sa a Sees eee es 308 
vent’ GaGOn ne reenishoyellow.. oe ee ee gos Eras sin  AS  h a ceel do O 2, 415 
7.25 §, 1.5 l= CCinieinee ey aes Ge, Set) es oe tee eS eee BE ee eee 2, 900 
8. 00 Pe EPO IST Oll yea me he oy a ae een ete AE ee 230 
8. 84 Herel GinGeneyOlow re aoeee ts 2 SESS ee) ee a Te a a 3, 000 
8. 00 STEEP UD a Ba fag ears ee PE gs aaa a Se eee SA Aes ee 710 
7.10 Ea EEE CT IEG Reenter eee Meee ees ee SR ee ee A ed Re? 294 
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Windisch (S30), in 1921, reported the results of analyses of five 
samples of commercial insect powder sold as “‘Zacherlin.” The total. . 
ash content varied from 6.84 to 9.78 per cent, and the sand content 
(ash insoluble in hydrochloric acid) from 0.27 to 0.88 per cent. Costa 
(S7, S8) has described a method of determining the aqueous extract of 
insect powder. Calculated on a dry basis, the aqueous extract of 
closed insect flowers varies from 22 to 25 per cent; that of open flowers 
from 12 to 14 per cent; and that of stems from 9 to 11 per cent. 


SUMMARY OF METHODS 


Satisfactory chemical and microscopical methods have been 
developed for detecting the addition of other species of flowers, 
curcuma, and Pyrethrum stems to genuine insect powder. These 
methods, however, do not show accurately the extent of this adultera- 
tion, although the quantity of stems can be approximated by com- 
paring under the microscope the unknown mixture with known mix- 
tures of powdered flowers and stems. Of course, the quantity of an 
inorganic adulterant lke lead chromate may be accurately determined 
by chemical analysis, but such adulteration is now rare. Probably 
more than 90 per cent of the adulteration of insect powder at the 
present time is with ground Pyrethrum stems. 

A promising microscopic method for examining insect powder is 
that proposed by Trottner, in which the number of pollen grains in 
the weighed quantity of sample is estimated. This number, however, 
varies so much in different powders of equal effectiveness that a 
rigorous quantitative application of the method is impossible. 

Kuraz Mae done more than anyone else to determine the relative 
effectiveness of insect flowers and stems. The individual variations 
in his results, however, lessen the value of his method of testing 
against flies. 

Of the chemical methods proposed the most valuable is the deter- 
mination of the quantity, and more particularly the color, of the ether 
extract. The quantity of ether extract in flowers and stems, how- 
ever, varies markedly. and its determination alone is not sufficient to 
enable the analyst to establish standards. 

No element or compound that can be detected with the present 
methods of analysis occurs exclusively in either the stem or flower 
of the Pyrethrum plant. 


WRITERS’ METHOD 


The addition of ground stems of the Pyrethrum plant to the pow- 
dered flowers is now the chief form of sophistication. As the quantity 
of added stem can not be accurately determined by the microscope, 
although it can be approximated, a chemical method for measuring 
this form of adulteration has been devised. 

The insecticidal ingredients of Pyrethrum flowers are known, but 
no method for an accurate quantitative determination of them has 
been devised. It is therefore necessary to rely upon the determina- 
tion of some essential constituent present in the flowers in a reasonably 
definite quantity and either absent from other parts of the plant or 
present in a very different quantity. Most of the constituents of the 
flowers that can be accurately and readily determined occur also in 
all other parts of the plant, although in varying quantities. The 
proportions of nitrogen and phosphorus in the flowers are large as 
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compared with those in the stems. Upon these two constituents 
therefore the most stress is laid. Although the active insecticidal 
principles are soluble in ether and certain other organic solvents, the 
efficiency of the product can not be measured by the quantity of this 
ether extract as now determined, because some inactive constituents 
are also soluble in ether and many of the purest samples show an 
ether extract content lower than that of some which are seriously 
adulterated. The color of the ether extract, which should be 
observed before evaporating oft the ether, is of more value than the 
quantity in determining the purity of the powder. It should be 
yellow, with no more than a slight tinge of green. 

The chemical composition of a number of genuine samples of 
Pyrethrum flowers and stems was studied. Most of the samples 
were the Chrysanthemum cinerariefolium, the species now commonly 
used in the United States for the production of insect powder. The 
three grades of flowers recognized by the trade, namely, “open,” 
““half-open” (‘‘half-closed’’), and ‘closed,’ were obtained. Sam- 
ples of the commercial flowers, consisting of from 1 to 2 pounds of 
material, were obtained, and the percentage amounts of stems and 
dirt Gncluding all matter other than flowers or stems) present were 
first determined. From the commercial samples of Pyrethrum stems 
_ the burrs, straw, and other foreign matter were removed and classified 
as “‘dirt.’”” In each case 100 grams of the material, selected so as to 
accurately represent the whole sample, was used, and the separa- 
tions were carefully made by hand. After separation of the ex- 
traneous material the flowers and stems were each ground to a 
powder for chemical analysis. (Owing to the small quantity of 
“dirt”? and stems in the commercial flowers and to the small quan- 
tity of dirt in the stems, it was found that these had little influence 
on the composition of the stems and flowers. The removal of this 
extraneous matter was therefore discontinued.) 


Metuops or ANALYSIS 


Moisture.—Two grams of powder was weighed into an aluminum 
dish provided with a tight-fitting cover, and dried to constant 
weight in an oven heated by boiling water, an vacuo. When cooling 
in the desiccator and when weighing, the dishes were kept covered, so 
that the powder could not absorb any moisture from the air. It was 
found necessary to heat the powder from 8 to 10 hours before constant 
weight was reached. The loss in weight was reported as moisture. 

Nitrogen.—This was determined in 2 grams of powder according 
to the official Gunning method.* 

Ash.—Four or five grams of the sample was weighed into a plat- 
inum dish and Bete lieated in an electric muffle furnace, finally at 
a dull red heat, until all the carbon was consumed. The residue was 
reported as ash. In practically all published methods for the deter- 
mination of ash in insect powder, it is stated that the powder is 
simply ignited to constant weight. Such a method might give erro- 
neous results, owing to the presence of volatile potassium salts in 
Pyrethrum, which would be lost; also, ignition in the presence of 
organic matter would reduce phosphates. By using an electric 
muffle furnace all the carbon is consumed at a dull red heat ; hence, 
these losses are practically prevented. 


5 Methods of Analysis, A. O. A. C., 2ed., 1925, p. 8. 
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Ash insoluble in HCL (‘‘ sand’’).—The residue from the ash deter- 
mination was transferred to a beaker, and digested with dilute hydro- 
chloric acid (water 100 cc., HCl, sp. gr. 1.19, 15 ce.) for two hours on 
the steam bath, then filtered and washed, and the residue ignited and 
weighed. Since the ash in different samples varies, the ash insoluble 
in hydrochloric acid was calculated back to the original sample. 

Phosphorus in the ash.—The filtrate from the last determination was 
made up to volume in a graduated flask, and phosphoric acid de- 
termined in an aliquot according to the official volumetric method 
(Methods of Analysis, A. O. A. C., 2 ed., p. 3), allowing the solution 
to stand 30 minutes or longer at about 45°. The phosphorus, reported 
as P.O;, is calculated on the original sample. In many cases the 
P.O; was determined gravimetrically (Methods of Analysis, A. O. A. 
C2) edgy 9-2): 


RESULTS OF ANALYSIS (1911 To 1917) 


TaBLe 24.—Hzamination of “closed” flowers (Chrysanthemum cinerarizefolium) 


Determination 2 


raunle Source ! Stems | ‘‘Dirt’’ as nentita: 
Mois- | Nitro- 
Ash soluble P.O; 
ture gen, N asi 
Per cent | Per cent| Per cent | Per cent | Per cent | Per cent | Per cent 
NORGE ey Oke wah ules alia MAI Con ya a 1. 60 0. 25 4. 50 1. 58 6. 80 0. 67 0.715 
WARM IF LD wRO OO seo 3. 85 . 15 4. 65 1. 83 7. 84 . 16 . 728 
NORE ae (GUY NH SON A SN NTN 3. 85 115 4, 40 1. 74 7, 38 aly . 622 
TB YO ACG (gyda MLN Oar Whoa) plus Sella ae 6. 25 . 30 4.87 1, 65 7. 29 ales) . 604: 
12335)3| Mapams 2.) A) Sch MO De AN 1, 55 .15 4, 62 ee, 7. 09 . 48 . 709 
NOPD) Ih TOU EOY OVD) es a i TES OM Sey ices 5. 10 1.75 6. 61 .33 . 744 
AG 2 ey eae ae LO aN es ol he Pe Os | eae seco 5. 70 1.92 We . 05 . 740 
14929 |____-_ CG Ko auneh Ia UR aN MUR OE 6. 44 . 38 5. 51 1. 65 6. 12 aA . 7154 
M4932 3 hava ame raed kaa REET ibe eae Kays .11 Syvall 1. 64 6. 19 . 26 . 729 
AO SA UOC ees EN NINN Sa eee Sem PGS ieee cee 5. 08 1.73 6. 24 salit . 679 
14988 52422 GOS eRe eT eae Hays t aa os sy 6.15 1.74 6. 54 . 36 . 770 
PH OOOM Sarai Gl Oi ca et A Re Ai HOS yh seem a 5. 94 1. 80 7. 43 . 10 . 143 
TUS RYG NA] seen C6 Voyuevelecaatiay a Ge Men Ae OU) DOD enn 7. 55 1. 87 7. 69 eaivg 815 
W389 se QO ay siti cai RG a ll ane ea ia PPA | i eal rete Vore vi | aie see dau a 1. 69 6. 97 . 08 624 
eS ATS ee) feaigo TMT Se cba we Ge Se aN, 1 73) NAD eV ere hs yk 1.81 6. 91 ee: 751 
TABS NG), 20 SHLD UO OS a ARN RIT Na Oa ig Mera es m| me eteaa f 1. 59 7.07 alg 621 
WG 24 ae COB ee ER eC IN a PAN2 (ales ACOh =| 4 ous ee 1. 85 7. 36 . 08 706 
MEAS) yee CLO Ns LE PA (OB3) I Dee i 1,78 7.70 .11 591 
ZAK) eee GOs PO OP Ra PASAY ||) MADIRBYOSH NL ss es 1.73 6. 86 ~ 133 659 
MINTS en rea LTE Pe ae ON mays li 4.40 1. 580 6. 12 05 591 
IMU Brabaayb hao yay a A eg eT 6. 44. a The TDD 1. 920 7. 84 . 67 .815 
HAV OTA TC ler ness alee Ae UU ae 2.72 . 30 DOT 1.741 7. 01 .21 .700 - 
No. samples examined___________ 19 U 13 19 19 19 19 


. 1 Practically all of the samples reported in this table were shipped from the port of Trieste, Austria. 
2 The flowers only were analyzed. 
3 Stated to be of Japanese origin and to have been repacked in Austria, but there is no proof of this. 
4 Imported as wild Montenegrin flowers. 


TasLe 25.—Ezamination of ‘closed’ flowers (Chrysanthemum cinerarizxfolium) 


Determination ! 


Sample No. . Ash in- 
N MESA) Ash soluble P2Os5 
in HCl 
Imported from Europe, supposedly of Dalmatian origin: Per cent | Per cent | Per cent | Per cent 
TPA Cfo Sapam te ee ita eda STN MANO ee) ACURA SU PAR Meira EN Sei 0 ils 07 7. 66 OLd 0 Ras 
ITP AS AN al Sa ON A gy 0 Se YES TI GA pc a A 1.55 6. 25 SOON ees 
HAG Oi ey) einer sae A an LR SCM GIRO AEA Be ees le ae 2. 00 7.91 Fe 0S i a ee 
A Dp laeh sei) Rei) ini ADR Ni DR CRCNL TL. RNA Ree ct CER se LA era 6. 56 FOO) |e uae 
BD A a Ss el INCA NN es gu BRL a AC Ia alll ra te PS al eg j 1. 64 6. 21 1 26), ena 
1 Results determined on the samples as received, including attached stems and the small amount of dirt 


present. 
2 Stated to be of Japanese origin. 
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TABLE 25.—Ezxamination of ‘‘closed’’ flowers (Chrysanthemum cinerarixfolium)—Con. 
y 


Determination 1 


Sample No. : 

a hen 
Imported from Europe, supposedly of Dalmatian origin—Con. |Percent | Percent 
LOZG OQ See tear AAO BBs clots ac acataats cmaee a ER DSO ERS DENSE 1.54 6.29 
HOQHI err Sr eee RL Soe ow ete eae SRO REE eRe sees eeese s 1.54 6. 28 
ODN en sere cra eRe rs cael cn ere Ee CER ee Mee CRS Ae 1.80 7.94 
SOO SAM SS a sea ete oc ack nee secs eee sect esse tees beeees 1.83 - 7.46 
RM em oe eee le ee Some ce Sk aes ate ee 1.85 8. 28 
STG Oe Ret os ARE oh aise cotton coos SEE Reece assess sesst 1S C7 8. 22 
BT Ce coe ce See DOO AO ORO SERS HO Se ean BARA SACS enti 1.95 7.74 
Wey Ai ee en ears 2) We RN ae aoain eter e cis ane ses c eee See essteeeee 1.86 7. 54 
DSS OS SRN aa) a seme eee cate ec ote ee are ie ste 33 Sse 2.09 8.06 
SLA Se ae ee ne ein aio Nera os SRE SRE Seems we SSS eee 1.82 7.61 
TAUB oso oS ROO US OSCAR RDC Oap Re EN ECRSe tat Seneca sion mr ie 1.82 8.15 
TENCE Se Ss IRC ae eer ee 1.67 6.72 
POUND emer ace ray oe eno AEM mee tess Sema Sea egal 7.42 
ODS Eee ee cere tee ANAS aot ae nce as See eee steels coeS aS OTS 1.91 7.52 
HO 2S Gina caer Seis ane ena so a ee Nae Seay Aas Soe 1.92 7.73 
NODS Semen aes Senet cin CONE rete ss cee recA Ses oe 5o3 1.89 8.06 
BOG DA Roe ee ere are re ernie te reer aac ime he hia eS ataPaiciois sisystaievsicvsiere 1.79 8.03 
AO RSIS Bee Seg en ed. eR ane ee ae oi eee 1.75 7.08 
A TSO es ee eee a Dia ae nie ea Se SS SaaS meee 1.60 7.14 
PEL DANS) Sm wesc a te ete ae ee ar nee MR tS On A EN BS RY FR RR SS 1h Gs 6.90 
BBY oe Be EES SSeS a Sena itee Gooner ce rem aee a Reneer ee 1.60 7.30 
PBT Oe Bas SaGdS Ue SISTED OS SU SOSE NCR RS eel CeO Te mee eee 1.78 6. 22 
EGIL G peepee ete cra Ste eer em aS ek ISI wim Eicon ial ioi ta alate 1.7 7.96 
POI SS cee OBE aia E RO aE ASA Ses ae ee eee 1.65 7.53 
DOAN B cette See reay. Sak ae SN aI Te sie Sa ene wists ni5'o Hee oe 1.87 7.48 
27 oo Se EGE CITE EE UO EL I ON Sn cae oe sp aa 1.79 6. 22 
PPD D550 et CHERITON PROSITE ROI SARIS eS ITE 1.81 7.35 
EDS Ae Pee ree ial oe eiaret infee cisle ciate = sic Siete ee aoe sieisrel Sistee is occ oe | ie (il 6.98 
PAOD epee ee ake SEE Acie re Si eine SiSOR ES Ciclo ekis wise ie eb wine Skee 1.53 6. 85 
Phe 2 3 a Bes A SE Ee Se PT a 1.90 7.98 
DS DA Ree eae pe areale orate ol ereistole iis oe ole Sw iats epaicioaie erin Se SSE Sis ase 1.72 7.36 
IMAP TAREE UT EWM eae nt SRO oo cre oS = craters SNES eis le eee o sisic e Sisin = 1.53 6.21 
(Ma x1TMUM ce Sey pas heres Ss LB oes ws Soeeis See eee eee 2.09 8. 28 
1.76 7.33 
1.69 6.36 
Its 6.27 
2.01 6.03 
rae 6.68 
| 1.74 6.63 
1.94 6.16 
me 1.84 6.61 
| 1.78 6.99 
l= 1.96 6.75 
| 1.66 6.95 
eas 6. 48 
| 1.72 6.67 
1.61 7.41 
1.75 7.18 
1.82 6.85 
1.78 6.67 
1.72 6.92 
1.76 7.09 
TEU 7.01 
Met 6.88 
1.80 7.15 
1.94 7.43 
L7G 7.70 
1.73 7.19 
1.82 7.39 
1.76 6.96 
1.81 7.40 
1.81 7.26 
1.88 7.33 
1.80 6.81 
yi 7.13 
1. 84 8.58 


Ashin- 


* soluble 


in HCl 


Per cent 
0.26 


P205 


Percent 


i es 


1 Results determined on the samples as received, including attached stems and the small amount 


of dirt present. 
2 Stated to be wild Montenegrin flowers. 
3 Stated to be of Japanese origin. 


42 


BULLETIN 824, U. S. DEPARTMENT OF AGRICULTURE 


TABLE 25.—Ezamination of ‘‘closed”’ flowers (Chrysanthemum cinerarizfolium)—Con. 


Sample No. 


Japanese origin—Continued. 


24626 


ee 


Determination 


Niszogen, gh 


Per cent | Percent 


ee ae ee ee a ee ee 


7.72 
7.46 


STS ST ST SINT OO NT SI OO STINT SINT = 


1 
CONIC SY 


Ash in- 
soluble 
in HCl 


Per cent 


Ph bt ft fk ek bt bt bk pet 


OOK WIOOOW NO 
SANaaaeOm om 


- 76 


P205 


Per cent 


sete eee eee 
eee cc ee eee 
sete ee eece 
eeeeece eee 
ee eee se ese 
eee erect cee 
eee tee esee 
wee eee cece 
eee c eer eee 
were eee ee 
Se 
wet e et ee ee 
ee | 
ser cee eee 
eee eecerecce 


TABLE 26.—Ezxamination of “‘half-closed” flowers (Chrysanthemum. cinerariefolium) 


Average 


Sample No.! 


Stems 


Well oor nie) 


SS Sat 3 ast 
0b 00 RO 


es 


“Dirt +P 
Moisture 
| Per cent | Per cent 
| 0.25 4.97 
| oD 4.90 
| erataretavaietatat 6.40 
ee ere ee 6. 44 
| So Vel eee 
estas oa Fence 
Sa {eine es 
Ne a we ee a 
Pea ie EE 
0.14 4.90 
-81 6. 44 | 
.39 5. 68 
4 4 


Determination 2 


Nitro- 
gen, N 


Per cené | 


Ft et et et 


= 
CO bet ft ft 


Ash 


ents Nem forlorn es Kenton) os fie les its Dean fein a 
IGE | OAGSONWA~AUMAI 


— 


Ash in- 
soluble 
in HC] 


Per cent 
0.12 
- 45 


P305 


| Per cent 
0.599 


eect eee eee 


erect ete eee 


1 Allthe samples in this table were imported from Europe and are supposedly of Dalmatian origin, 
except No. 20726. which was stated to be of Japanese origin. 
2 Where the percentage of stems is given, the chemical analysis was made on the flowers only; on the 
other samples the analysis was made on the material as received. 
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TABLE 27.—Examination of “open” flowers (Chrysanthemum cinerarizfolium) 
P y 


Determination ! 


Sample No. Stems | “Dirt ” Cr Ash in- 
» Moisture} Nitto | ash | soluble | P20s 
gen, in HCl 
Per cent | Per cent | Percent | Per cent | Per cent | Per cent | Per cent 

LAW Ue mina Ie ape IR ee ah eo ae ee 1.40 0.30 4.81 1.24 5.71 0.10 0. 534 
LGR GATS ial Mie ata Ra a Bee ort aaa Oa 1.70 - 65 5.33 1.26 6. 26 223 585 
[YAGI ED pie sae ae ic We to ae ee 3.10 . 20 D100 1.30 6.55 17 . 528 
GRY O) CT a Fs eg 5 tno ea ok TA 3.50 65 5.40 ial! 6.12 .16 ~551 
BOSS ee Ta tet Oe Nedoe Dho -45 5.65 1.40 7.09 335 . 557 
iV eR) ae CASS E ese eer eee ee Ale ea eae aes 6.13 1.31 6. 42 aoe . 593 
AGIA RA ok ah he 38 SHG 15 | tener te 7.70 Sk 5. 68 13 . 605 
1 CPF Bidet Pe ee ae Pe ee ae DEAD RE snr sai se 7.41 1. 26 5.61 ea - 550 
IVS) 4 Bae gol, RO ee, Set ee ee eT eee or 6.35 Te? 4.88 -09 - 588 
AGS a eae oy Ae od 2.87 .30 6. 61 1.27 5.15 -09 598 
AG3 0 Rigs Pee P8 sigs tv aE ed eee SBE 6. 82 1.33 7.06 -65 .618 
AGA eee eas Ae oo se Bao wd Ae DRS or is ase eres ss 9.21 1. 28 6. 10 28 537 
AG eens be ben Beer sinc dae DO sls es rat ca ee 7.10 1.26 6.15 .28 . 586 
AGG Die ae ise sees eo ISS QhODr ae esses 6. 44 1.28 5.76 17 -615 
500 Seee eta ele oe cass bee JOU as eSss siet 7.65 1.24 5. 68 - 10 - 588 
THD be scat mre ae eee ee ee LE QO: suena Eis 7.85 175} 5. 56 08 . 593 
15 OO mere ee te ee Sere oh TEGOK Sse a es 2 7.69 HED5 5.97 -18 .507 
Ata. 25e Earner Apes eee aes eee 2536) |WEraces: 2|backecee ae 1.26 5.93 26 - 541 
IVBEC). = Seis Be eee See seeee 22AS | eas Olaancloremececse 1.23 5.89 24 -510 
IVA pect eses Bon See SE eee Dare ed Ohe as |e ence see 1.19 6.09 -26 457 
SOS eee eee Meese tee AES DNAS 2G Ot Beate ote yf 6. 63 41 453 
SO ee a ne oo eie ain Ske 1 BL fall Weer 0 0 es Seed | pe ee Aes 1.22 5.73 apa 524 
AR ees ene Ph es ae ae ata eo De oOL Rd ores ies acess 1.26 6.11 46 485 
ME GRL MDS Desa ES ei nate Beek DSS at COL se noses ce 125) 6.16 31 . 486 
AO DA ees eolcinstehs pertains ssa Siok LOSS a Oneked | atiocicaace 525 6.97 53 - 562 
DOA te anc ae Mess ee 557 Ol ee OAR So Sacadnorae 1.26 6. 21 39 .459 
PTO aS | Sn ee ee eee ee ee fel DOSE Sota ea| see cee 1.18 5. 28 19 .518 
ODO epee ae wie. Ber Pea. Se bee AGS Ad Onebe saa tee 1.36 6.11 29 - 517 

I GUOUbT ht eee ee Ae Ose eee ee 1.09 0. 20 4.81 1.18 4. 88 -08 453 

VERA TIT es oar Ae ae 4.51 65 9.21 1.40 7.09 -65 . 618 

TNS CLAS OMS ho ame ae ae a = 2.29 43 6. 69 1. 268 6.03 720 - 544 

No. samples examined....... 28 6 17 28 28 28 28 


1 Flowers only analyzed. 


TABLE 28.—Ezxamination of ‘‘open” flowers (Chrysanthemum cinerarixfolium) 1 


Determination. 
Sample No. Stems. Nitrogen, ae = u je Sg) 
| in 


ee Ce 


1.25 6. 10 0.13 0. 537 
1.27 5. 94 08 - 490 
1.17 6. 29 OM eeninooscs 
1.25 6.36 ob eaters 
1.27 5. 72 ell 459 
1.37 6. 47 - 50 499 
1.26 6. 08 15 - O17 
1.31 6. 89 47 513 
1.23 6.17 46 451 
1.27 6. 10 22 - 514 
1, 24 5. 76 -ol - 462 
1.24 5. 99 APB) pariancacae 
1.20 6.33 31 - 528 
1.25 6. 04 SOYA" Seb Soane 
1.26 5. 84 33 - 046 
1.24 5. 68 24 - 506 
1.30 6.39 42 - 095 
1.26 6.12 - 42 - 455 
1.23 6. 06 24 - 497 
1.30 6. 38 27 - 519 
1.23 5. 57 - 09 - 066 
1.24 5. 76 34 - 515 
1.29 6.13 -08 - 046 
1.30 6.10 - 08 - 061 
1.30 6. 84 -41 - 507 
1,21 5. 96 - 08 - 543 
1.23 5. 83 - 24 512 
1.32 5. 46 17 - 530 
1.22 5. 69 20 - 460 
1.25 6. 02 13 - 530 
1.24 6. 74 62 - 490 
1.23 6. 49 49 - 528 
1.25 5. 96 19 - 483 


1 The results of analysis are on the material asreceived. The samples are of European origin. 
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TABLE 28.—Examination of ‘‘open’’ flowers (Chrysanthemum cinerarixfolium)—Con. 


| Determination 
Sample No. Stems rea Ash in- 
ee Ash soluble | PeOs 
in HCl 
Per cent | Per cent | Per cent | Per cent | Per cent 

BROT OM eistss ik Po ace 20 22 Boe tak be ee aes eee 2 5. 65 0.16 0. 469 
1 SY DG Soe Ge eee ee Se eee Sey ey See St Sees eee tes eee S 1.34 6.19 -15 . 549 
SSE ie ee ah a er rw eh ete i Rite ers ot Ree ey 1.27 5. 85 13 . 503 
SES 3oy is Ses SE eae aa ee oe ae eee oe eee ot eee See 1.19 5. 73 12 - 472 
NEO S ee cs ee etm ee a eee ee Ns Pe cee tee cS a ap ge ee ae decydl 5. 88 20 .519 
= LEU, be CR ge SS PA ace eae eee ae RE Son Were en eee es SP eM eh 1.19 5. 22 14 . 515 
ABNOTe See Ss Ee en eRe oe SA ie ees SA teed ea Es 5. 68 09 - 485 
CU ch Oe Fee 2 ae eee SO Se cre ere Sh aos ey Se eS ae 2 (eee eae 1.28 5.73 13 . dal 
BEGOO SES Aan cic SRE ee ot ae sok Se ee eee Bele ee oe aoe 1.29 6.32 28 .514 
5 ACT) eee ea eee 2 oa ee ee oe ee ae ee toe esl Pe ae 5 a / 5.76 14 . 547 
= UU Behe ig ape Sac ye eee ne ey ee ete Ge ge See en (ee eae ae 4.23 5. 64 09 . 472 
MS Va ee ee ie Oe es UE PR ce oe ee ae ee ee ee iso 5. 38 16 . 541 
TUT Yee eh eer Se Se Re AS es ena gee ee Sl |e ie Sy oS 1.29 6.12 22 . 521 
NO220 eee nt ek o. Seek oe ee Me Ce eS ee 1.24 5. 83 21 . 608 
TEAST Ue ca SS ais es ot Os a ee OS aye ey ee es ay [Eton aes 1.37 6. 02 22 . 592 
SEPA hs oe See aes Spey nee See Ma Pe Re Oot Behe Sree wel leer d eee 2 1.33 5. 96 06 .oo2 
TLE PAST SERRE SS Se Rey ae tae RD any te ee QMO edie beet heen ae Foe 1.27 5. 68 18 . 523 
TEP AUD cei 9s aU peas ee metry Dee cet SN eg arth eee Na Sie | ees Sf re 1.31 6. 28 | 21 . 595 
Se ae Re a th ee CLES E RE IE EPSRC ICG Veneto 1.32 6. 93 | 37 . 532 
SREP ALP Ate Sie AS gee ere Se SE pe a aes ee eae aa eae As Laer las 1.38 6.53 | .31 . 554 
CLD EP (ese oe eR Oe PS Se SAP ee yee ney Sore apes Cre os (ete eer Pe 1.21 7. 53 1.38 .561 
SLU ieee say oe oe alee ey 3 See ie eh eee a Se ee Lhe ee te | Saeee ors 1.20 6. 08 .25 <5 eT 
BII ZG ae ets oo ne ee etn 5 AE See Se aS Bee one i ere hee 421 5. 01 .08 . 505 
AL i pie el oa SaaS eee eee eee | fe ea 1.21 5. 74 Poi . 493 
7 LE RG 2 ans eee Ol 0 Te ne Rr ORE SE Sema haar eae te el ba ge eae Uo - 1.23 5. 64 Al . 592 
Oey ee eso ka 8 PRs ce aoe eee eke aoe oe eee Boe se 1.25 5. 93 .09 - 479 
FE YS Se Soy Se UG senna aah Wr AO aeaeeeIe ey” Se Sy a a Swinentla eee bes, Nhe tevleg a Pe 1.31 5. 91 .13 - 508 
Oe ee ee on a in ee Ed eee ts Ode OC | 2 Re ess 6. 40 =37, . 495 
PEERS OS Se ie See aes ee ey ree SF ee es Onl ee eee, 1.19 6. 24 .14 - 501 
PA OUD A, eases a Raa ieee for Ae meets St) esha g peak ees Aa eno [pean ye 1.30 5. 92 .14 . 601 
OS ans age ah 2S eae ae ee = ee Lae pee 1.18 6.19 iby - 559 
PAPA AN eae ge BS Sree age (ob oe Vo Seg gee wie sss Re | eg ee 1. 24 7.00 .30 . 539 
STEELY oS AR GS Sg a Tae irate a ies em eee eerie ok NN | ee ee ts 1.38 6. 80 137 . 568 
PAE AD, Pia Se 5 RT NY Sg Se 8 PSN a ae le are 1. 26 6. 45 .26 . 612 
PANS eres e eS 32 En Ss 2 se ne CAN Meee 132 5. 95 .22 . 667 
AERO SS SS Ss er I a te pn ey ey ere fee ae 1.33 5. 67 .14 - 538 
DTGISEEN AE le i Ea Se he 3 eS. ae 1.25 5.36 .13 576 
NA Sie earache ene CS re re eee 1.27 5. 92 1 Persie er 
DOA ect a mere hes aR em MT 5 PR IEE SEI ae ene a a ee eee deRy/ 7. 87 Boal ee gene = 
ER ee a eh oe 2S, ae oN ee PRS eee ee Ree eae 25 e 6. 06 202 
IPTC Sept Se SS) POR ee eee ener i 1 Re == Seon nas 1.36 Thy 48°) 2. Seas 
DADO Boho eis oes os oS ee ae nro Me ES eee 1.39 | 6. 62 Bar| 9 See 
DIAG gh Sea ge CI AAPOR Ss 4 Pepe Ny eens Aer Se |e eee 1. 28 | 6. 66 - 449, |S3c eee 

TNE RYE CE poe ite Eh ale eee ae eke eR eae Aline FS oon at .88 ievel 5. 01 . 06 - 451 

IL QSCEAT AGT Wah TO Bae ROE Sate oe 4.99 1.39 | 7. 87 1.38 . 667 

BASU CTA tar ee Cn he ee ee Pr Pa See 2. 40 1. 267 6.11 -20 . 526 

No: Samples xamined..... 5:76. f. 2.505 ee Sei oes ily 76 76 76 66 


TABLE 29.—Examination of insect flower stems (cleaned) (Chrysanthemum cinerarix- 
folium) * 


7 
Determination 
Sample Ne. Dirt 7? ke = : Ash in- 
Moisture |Nitoge,) ash | soluble | P.Os 
in HCl 
| Per cent | Percent | Percent | Per cent | Per cent | Per cent 
oP ne yOe e! ae ae Ct Peg eee 2 | 4.77 0. 842 3. 98 0.1 0. 144 
ponte hk. tab anc thee eee Trace 5.20 | 695 4.00 i “151 
“a ais Oo) pin SP eee Se oe a AF SE Bee 5. 10 842 5. 00 .38 . 200 
perreeees {Nea as eee. Ee ee 5.22 . 856 | 4.69 .31 247 
eee we Pile AS Se tee ee ae Be 4.72 a Sy eee peas pene os 
“1 SON ose MERE aa Sy RD See op SI neil. Li 4.37 5.34 . $20 4.58 38 . 269 
Maes Ree Pee A he, ye Oe 8.27 4.51 . 800 4. 86 27 .146 
“ere Seal a ESR RSE ae ae & 1.05 5.79 575 4.34 15 .183 
Pas Ree eae Aes PE Rep ees {38 5.09 . 800 4. 63 59 . 169 
Woe Bee Ramen. ae 8 a Ee 4. 44 5.34 . 960 5.44 38 . 256 
“TOG a 7 am He era ee aaa 5. 67 6. 39 . 800 4.29 30 . 236 
{OR eee Ee eae Wee ea 9 96 5. 69 . 805 5.12 34 . 182 j 
SUL ERDS J ee EO eae Pe ee 1.35 5. 26 . 705 4.78 .18 . 203 ’ 
TA BY Les 2 Salis BOS ye Se, Oe 8. 89 7. 20 . 870 5.19 41 . 128 } 
Minin: 2.829...... 8842... ke 38 4.51 575 3.98 .10 128 { 
Maxis... P27... 28 ois 8.89 7.20 960 5. 44 59 269 
Rveramere f.. 5, Ok ud GRE as 3.93 5.40 . 802 4.68 .30 .193 
Wo: samples examined’... .5 22.5.5..3:4 9 14 14 13 13 13 


1 Allsamples were imported from Europe. 
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TasLe 30.—Ezamination of insect flower stems (commercial) (Chrysanthemum cinera- 
rizfolium) 


Sample No. 


Bebred from Europe (supposedly of Dalmatian origin): 


PEVORIC Gr nate tar id eh adit isti iis ge imi) 2 


Nae Salt MICS EKA DENCH cere 0 ye ee | 


Tapeuiesd origin: 


BERSLES FERS (oN fee are ae SO SP A 2a aw IS oe 


iNe}Saitmalds excited -t) .5> > 42>. 27 eT 


TaBLE 31.—WNiirogen in stems picked from 


Determination 
Ash in- 
Nitrogen, ach |solublein| 20s 
| HCl | 
| i 
Per cent | Percent | Percent | Percent 
0. 677 | 4.83 0.38 | 0.191 
[725| 4.06 a1} sae 
674 | 4.61 . 29 | 185 
-877| 4.78 | .50 -191 
940 | 4. 26 | 09 145 
779 | 4.74 41 166 
. 589 | 4.19 21 .137 
. 568 4.11 | 26 .150 
772 3.94 -13 .190 
.835 5.01 .37 .190 
. 582 | 6. 03 .33 | 117 
877 | 6.70 44 | 345 
_5A7 | 3.60 | .14 | 257 
_5A7 | 3.60 | 09 117 
940 | 6.70 | .50 345 
. 726 | 4.68 .29 . 190 
Bos leeds jefe pare 8 
610! 3.40 06 125 
1.05 5.62 .34 . 383 
. 863 6. 22 72 . 236 
. 982 5.93 1.69 .338 
1.12 5.97 . 69 . 388 
1.10 6. 24 1.41 411 
. 982 5.03 1.10 .326 
.814 5.58 1.50 324 
. 954 5.07 .79 347 
. 948 5. 63 1.45 . 336 
. 884 4.81 .90 327 
. 828 5. 02 .80 .37 
. 610 3.40 06 .125 
1.120 6. 24 1.69 411 
. 928 5.38 95 326 
12 12 12 12 


“open” flowers (Chrysanthemum cinerariz- 


folium) 
| | 
Sample No. Niiroepn, Sample No. Niet 
| Percent |; Per cent 

| BSS A en Se eee ee eee TOG? 3 || LY 627 See eee eee eres eee 0.620 
TA ees ere ee eee A oe ee ee SGV4dNEIGGAR 271i) 2 2 Tis Seles fbi Se . 740 
Ig ney eee en P| (67 6 se Se Ba GSE RE ET SS a . 620 
[eh ge ee a ee TUPAC (T bee SR ar pe ET me Spy ae pe EE . 700 
iu 21 EE 22 tS aol Sa he BRET ars AU Ree © ae 4 AGAR SET T5458 ee ere eT ER rd Fees 590 
LSS hg 2 es a Sa ee EZR UTI ML frees en Se eR MS oS 2 7 
Tio. 58 Sak ee a, Eg Oo EPSOM UISTUSRE STA Stites as 2s .730 
Corb: Fe tee ee Ree 2 ee ee See | 7) 2s es ON ee Cee ee eee | . 650 
Lasid TLS Ses eg a ee ae a — Bee So (VP) Hil Gt Zed OR ee cn lea lee Si a ees a pera . 670 
iG bi sae SS Sa bse oe Re ere meee EON | PSORS fetes gees. 2 fo 3 age? ee . 646 
Hy eee a 2 Se a Se SE | ics CO ee > een: SAP ee ee eee ene « .730 
UG TE a8 2 re oe ee ae SEIQU PN eee Sia ais) Pee ite . $42 
es SS ee ee SCOUT Re E SOD ee oa et he ee . 823 
Witte wa ee eae ees ne EOOUN IOUS ce ctcetee ne mat ae ee. eee er . 748 
Ly pi Aes 8 RP aE PS 6 oN Soe eee a ees PIOOINETSONG: t,o. seyat 3 2.5! ot 208. cee . 646 
LOS... See ee - 700 | 
Lig? 725: 2.5 . 870 || Mistimums 2522602 343. Eee 583 . 590 
Le UNS Ce See ee ee - 660 l IMexitn Gia oe ee ae .954 
Sree ee to oe - 930 |} Average (34 samples)... -.--...-222--- . 708 
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TABLE 32.—WNitrogen in stems. picked from ‘‘closed’”’ flowers (Chrysanthemum 


cinerarizfolium) 
Sample No. peda | Sample No. ert 
Per cent Per cent 
Lis OFA oe oe ral a ee Oe Se Ee ee 160M EAS se sk See ee eee 1.52 
Lig 3h 8 Se ee ae as oe eer ee ee Sa LADS C150 = 1 eee eee L552 
UN ses Seen Soe ee See A eee 1752 ATS 2 ee eee 1. 57 
GT Bt re ee Se Le ee Se ee 12545) $8008 22225. Se See te Oe ee 1. 63 
LF a2) cel ae eee ae Se nS eee eee OY aS 1. & || 
ee ee ee OE ae ee ee 1.77 || IVE = ae 2 ee ee 1,21 
TA i rk late ele pay epg ee Se A ee ae ed 1. 21 |) Maximum = 2 = - 22-22-3222 eee iW 
dtr ee ee te eS a ee 1. 54 JA VETARCQ. =e a es es ee 1. 53 


It was found that a determination of the nitrogen and of the phos- 
phorus, together with a qualitative ether-extract test (to determine 
its color), were sufficient to determine the presence and approximate 
percentage of stems. 

In but few of the published analyses of insect powder, where ether 
extract is given as one of the determinations, is the kind of ether 
specified. In some methods the powder is simply shaken with 
ether and filtered, and an aliquot evaporated. Dietze (70) has 
shown that the results do not agree when ether of specific gravity 
0.720 and 0.735 is used. Ordinary ether contains some alcohol and 
water and extracts from insect-powder material other than the active 
insecticidal constituents. For concordant results, the ether used in 
making the extractions must always be of the same grade. Anhy- 
drous, alcohol-free ether would seem to be the best solvent. 

Pyrethrum flowers usually yield an intensely yellow ether extract, 
whereas the stems give one of a strong green color. The odor of the 
extract from the flowers is also characteristic. In the examination of 
commercial insect powder the presence of a material amount of 
powdered stems can always be detected by the green color of the 
ether extract. Its quantitative estimation is, however, of little value 
in determining the quantity of stems present, and this determination 
was made in only a few cases, the method employed being as follows: 
The 2 grams used in the determination of moisture were transferred 
to an extraction thimble and extracted in a suitable apparatus for 
16 hours with ether that had been freshly distilled over metallic 
sodium. After extraction, the ethereal solution was evaporated to 
dryness on the steam bath and dried to constant weight at the temper- 
ature of boiling water. 

The petroleum-ether extract was determined in a few cases by 
thoroughly extracting 2 grams of the powder in a Soxhlet apparatus 
with commercial petroleum ether (specific gravity, 0.640; boiling 
point, 30° to 65° C.), evaporating the extract on the steam bath, and 
drying for a few minutes in an oven at 100° C. 

The petroleum-ether extract of flowers does not differ enough from 
that of stems to make this determination of value in determining the 
amount of stems present. 

Pentosans were determined in a few of the samples, and it was 
found that the amounts in the different forms of flowers differed but 
little from each other and also but little from that in the stems. 


ee Se 
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The determination of crude fiber is of value in indicating whether 
or not the powder has been made from open or closed flowers. Pen- 
tosans and crude fiber were determined according to the methods 
of the Association of Official Agricultural Chemists (Methods of 
Analysis, A.O. A. C., 2°ed.; pp. 117, 120). 


TABLE 33.—Determination of ether extract and petroleum-ether extract 


Determination 
Sample No.! Petro- 
Ether leum- 
extract ether 
extract 
*“Closed’’ flowers: Per cent | Per cent 
A920 eae ae oo ee ae ia 4.75 
HAOZ ee Bane see) sae Y (oe: 40 
VAG 2G eo aiid en dhe 2 a ss 7.18 5. 03 
143 2 Mimic Win awn oS i ni GS |eeeee ss fe 
EVA 3 Ai es clas cs WI 5. 99 3. 05 
AGB Sikes wan keen ees cesk 7. 34 3. 93 
i H009 SB === = 6222 SSeS es re hse 6. 41 3. 80 
Wihbashiayejon 5.99 |> = 3.05 
IMiaxamum:+ 2s == 525-25 7.45 5. 03 
SASVCRALO vin nan ok a Ss ee 6. 87 4.11 
No. samples analyzed___- 6 5 
**Open”’ fiowers: 
AOD eewarene ee Oae Te eee 5. 48 3. 64 
NAGI Mei Sie on ee oat ae SS 5. 73 3. 98 
UAC 7 (eT ee ae eee ees 6. 28 4, 45 
TAQS Oise ah Ha Wee See bad ents 4,70 
AGS ee ents Fe a pee GZ00H Sa Sore 
1K. We Oe ENR roi Serpe ees Wome at PO ee 3. 53 
NAGS Se wes ashes in alte As 6. 60 5. 05 
VA DG [itn oa 2 er Wien shah ae 5.35 3. 50 


1 All samples were obtained from Europe. 


Sample No.! 


“Open” flowers—Continued. 


VAG 2 ee a 


TACVIOT EG Cin sel ewer nal 


TABLE 34.—Determination of pentosans 


Pento- 
Sample No.! aR 

“Closed ’”’ flowers: Per cent 

LIGA GA NE eee ee Sei ee ee ee 17. 75 

SLD PA See i ie ee ge ek eae 16. 06 

RI | SE Se EE ss OR cr aan ee 16. 18 

Sets Aree nee ep a MC ee gk ne eR SE PVT 16. 53 

LIS BH ee cas Aa one eR 16. 80 

TM Mean cob bcd hes eee Se 16. 06 

INES Rate ab 0 eh cell, Le ae i Ug ea l(a 7) 

Average (5 samples)__.-_.________-- 16. 66 
**Open”’ flowers: 

GSU CS LET le eee he Oe ee eee Oe ee 21. 42 

UA 0a% SSR ae es eee ee eee 21. 07 

UBB G 1 oe Ta eek ge On ela ee ee ZIRiZ 

(GAG sli 2 Cale Ty eee ee ghee ee ae 21. 34 


1 All samples were obtained from Europe. 


Determination 
Petro- 
Ether leum- 
extract ether 
extract 
Per cent | Per cent 
5. 93 3. 60 
5s09)| eRe 
5. 09 3. 50 
6. 60 5. 05 
5. 81 4. 06 
8 8 


jv Gp Ae Potent 3.15 

1 eye oe ee ee a Shaw 

FAG 28 oe Bd Bist 2. 88 

11495 5 by aR a es ea ae Se SS 2. 34 

AOS Teese ee re as a 3. 98 

W4946) 2 oe 3. 43 

PASC 0 ei ae earn eee TAMIA hang Be Da Ee 

THOR aves aye ccna 3. 40 
Minimum 2. 34 
Maximum: 2225 ae 3. 98 
A VCTOSC eee ee Bee 3. 22 
No. samples analyzed___- 7 

Sample No.! 
““Open’”’ flowers—Continued 

1 Be Ve UR Sip seas Ee 2 
Mian nei ee eee 
Ag BY he aN Wa ese a ey ou Se Te) 
Average (5 samples)__-___--_---_--- 
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TaBLE 35.—Determination of crude fiber 


Crude Crude 
1 
Sample No. ee Sample No. ! rae 
*‘Closed’’ flowers: Per cent || ‘‘Open”’ flowers—Continued. Per cent 
TIGR Ye ae aA AROS arcane | koi 22. 89 20438 ps8 Sate seen SE are See ie eB ek 32. 54 
PAGZ TRAE LS SS iw EAL ACE eee 18. 65 20439 SUE ee ee ike 1t7/ 
HAG IO eater eee eee an Me eR Le 20. 63 DAA io i's SENS Re AO Rel ee 30. il 
WA QB Die nee ornare toa eSB bee 19. 80 QO0ABD 2. wt: ord Sethe Negi aa 32. 13 
PAO SA eNkes Mei ai, (ERE AA ee Ree ew ee, 20. 62 204A: oN eae Re enn ee 31. 99 
TAQ RG Bek pena os Eee a ee oa ap an 20. 03 | DOAAG TAREE CS ae ae aes ee ee 28. 82 
NBO ee cel eel ay ee ee ne cee Lopes 20. 94 DUT BAS oi Oe A het ee 29. 96 
TBO 2 eu eae Peek ro ot Cae eA cre 22. 73 DIQVS Es ee eet Ag it nl eg ae ee 35. 85 
IU GU s)s Aeneas NOs = eine Men ee Se rie vac! L 21. 96 
le G7 kes See oie SB, yale Sayan cee nee an Soe 20. 39 Mii iran Ss nee aes 27. 20 
TU7( C/U eee op 8 Le ae eR Ow Sy) ae 21. 61 Maxam. 2 23> jon ae 35. 85 
LIZ fa DS 2G ak a Re SEAM neiereps Bee ne Sp ene ee 19. 45 Average (28 samples)_.____________ 31. 02 
MOD (poeeetar aes. Seca eT eee sell 23. 83 
FANG G3 Se 8 Se rae AR RR BE eer 21.97 || Dalmatian stems: | 
DIN SG) Sis ee eae Lae hella SS amen el 21. 47 TAQ D5! Mappa eae no seal | 1 e le e 34. 55 
QVARG) Bots Bein Stee oe, PO A 24. 70 PAQQ8 Sie EEE HPL) RUSS Staessen ae 36. 45 
PAL ee eines ed een ee eee Pe 7Al 14931 boa posse So. Hee ee Roe 33. 54 
TA) Se Rae Se SEEN eer a eat SE 24. 03 VAS Te Saph ae eae Bae eee ee 39. 05 
DO Llipentes alee SORE PERS Le Sete 23. 91 R4AQ4 GE Sige eae el ei ee 35. 43 
FOB ORS eee Ree Ce sa A nad 22. 47 DIY Geers, epee Meee eC ETO a 38. 82 
DOOM Ass ree Rl AN. Hes SN tae ee 8 ae al 21. 46 Ay GV Ripe 2 Lik a aa ee ae Con SL Ba OS fe 38. 92 
DOT D Or sO Li 2 Belek cele as big eel 24, 10 NTA SS oe Ns ge ae 38. 27 
HGH CSS et lal Spee eh waa tie Sa tue 23. 54 | 3 74.7 | ena cee a saline ee Dies ibe Pie) os 39. 71 
2ST PURE tee RCRD ee Nee, AE 22. 86 | ZB Q3 © pete EO Ee Oe Oo a eas 38. 23 
DANN Grob We tettne 8 Rice hve SOC ee ae eee Odile ESS SO b sre oe oes Se ga ge 38. 61 
ASTM ONS Rebas 2 Wee SOR a IES ea FD OS 23. 78 ES SSO Les ae I ane 39. 13 
DAG D5 ee eee 2 oe Beg tte Bas ee ede 23. 03 7/0) boy eee one ieee Mee Sl Are eee 8 Sone rE ee A 38. 10 
DAG O hres tar AE Se et 33. 60 
IVEi Re ee See Ee SS ee 18. 65 DAQO A et 0 Fe OO at eS eee 42. 98 
HV ep RG URTIN ses een at eee ee 24. 70 
Average (27 samples)__-___.________- 22.09 | UG baubcoyb rile ee a Nees See eS Peas 33. 54 
Mi aixain The ote ee eee 42. 98 
““Open’’ flowers: Average (15 samples) _____________- 37. 69 
LS 20 ey Seng Se a eA Rh ee a Spel2 
WORRY SOS eee eee ek een feet vt 30.13 || Japanese stems: 
PR ie SR SIR any ets OR a te aA ah PY 31. 55 21369 Epes SE SAE SEY Oe eee 39. 07 
TE 40 5 ae Tee es pa Tetra Bate any SS 2) 29. 79 D251 G bite ee Seas a ae Se ae ee 46. 19 
286 0 eee ee Se ees See ee 27. 20 2298 GT err a ee ae he ee one een | 32. 39 
PAO Geta ree et ee irae wins clearer phe 33. 11 DO ee 46. 12 
HAGA Y wees saa teach cease Ys Sale ERs FD eile DA DGD wre ee OE See RR ee phd ell Be ee 44, 46 
AOS is eee es SEC RO Bee cas 29. 48 JASCO eka 5 eS a PE ae ee 42.99 
TAG GD ee epee eee eo 30. 28 DAB 9 Dis Sia Ne eh RS a Se eee 46. 24 
NAO (eu ies 2 ES oe ee 8 31.18 DADO ae Se ETS Ser oo one 47.45 
U5 QOS LEE ee SS yea a ee Ne ee 30. 03 PAB94s Re eae CN eee ee 48. 05 
L(G Ge easeasecgie pearance Ge ane Ie Niner ame ge a genet 29.17 DAB OH err te ane ete ener 47.31 
TEPER SR So 0) Re pape Meet RE ee ah PO 34. 70 JAS IGN ce 5 OS oe ade 2 Se 48. 79 
L/P hie he SR em ee eecpe OF, 12 Sa nce tL emege 29. 48 ZOOS Te. bo 2 oe ak es ae ee ed pein rae 43. 49 
TWAS PADS scheme ah a aks RAS 3 coe fee Oe ae te A 32. 80 SS 
TAS GUS Sieh SaaS Arcee SEE warren sd 30. 13 Minimum Se ae eee 32. 39 
CUA 7d Sel eC RA BGs eee oy oe ne 30. 27 Maxim Wim 3 Sa eee See 48. 79 
ZQTAG Fi saa ae Rey ARS Sete See 32. 23 Average (12 samples) _________--___ 44. 38 
DAD 6 Se a= oe in op 5 aly ee ROR es oh Be 33. 87 el 
Pols (2 sare epee 2 Ro ee pana eee gate oe td 27. 63 IAVGrALCOLSLCHIS = =e ye eee 40. 66 


1 Unless otherwise indicated, all samples were obtained from Europe. 
2 Source unknown. 
3 Obtained from Japan. 


The ash content is highest in closed flowers, next highest in open 
flowers, and lowest in the stems. A higher percentage of the ash of 
stems is insoluble in hydrochloric acid than in the case of the flowers, 
although calculated back to the original material the difference is 
shieht. It is only when the ash a the ash insoluble in acid are 
markedly above the normal for flowers that much importance 1s 
attached to these determinations. 

A striking thing in the figures for nitrogen and for phosphoric acid 
is that they run fairly constant for the same material (Chrysanthemum 
cinerarizfolium), no matter what its source. This uniformity in the 
amount of certain ingredients present in Pyrethrum flowers and stems 


~— 
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aids the analyst to determine from the analysis of an unknown com- 
mercial insect powder whether or not it is adulterated with powdered 
Pyrethrum stems. 

By the color of the ether extract and by a determination of the 
nitrogen, phosphoric acid, and crude fiber, together with a micro- 
scopical examination, the presence of powdered stems in insect pow- 
der can be shown qualitatively and an approximate determination 
of the amount of stems can be made. 

Table 36 summarizes all the results for nitrogen, phosphorus pen- 
toxid, crude fiber, ash, ash insoluble in ha aeochieets acid, pentosans, 
ether extract, moisture, and extraneous material, for stems and the 
three commercial grades of flowers, of both Dalmatian and Japanese 
origin. 


TABLE 36.—Summary of examination of insect flowers and stems 


‘ = s 
2 2 | 
Z, nl Q = COPS 
= a iS) a ee eines 
Product g r= Sa | 8 Boies |S = 
0 o q gS x a Je a > 
S 12 us) - 2 ® 22 a | a 
& -O 3 folie: a a =) S D >) 
ta ca a n a 5) = D paar 2 a) 
Z Ay oO =< leet Ay A | a a a) $ 


is Mime eGl | O60! at 464176) OS" |" 0. 19. |e eees 9'| eer, wg) en ee ae 
Japanese Close die ieee) 2: Ol Filae7HS: (24°70, | Sens |2, 03) |e eteeele. Sate feeeeeaal|, ou cilaunmo al nuaies 
WO ae oS DSSS Ave. 5 16813) | X680NeOselie7eagatas7Orii. Punibas lin Ih alieye Pal eae ape 
No. samples examined __/48 15 15 48 ASR) | Mirena cet foe Pm SS iy a Sor Ae Se ce 


F “ Son Vit eetelb3. 0.591 | 18.65 | 6.12 | 0.05 | 16.06 | 5.99 | 3.05 | 4.40 | 0. 57 0. 11 
paluistian closed Max <|2.09\ | 815 | 22°80 | 8 98 | .91 | 17.75 || 7.45°| 5103") 755 |-6. 44 || 75 
Thay ca iat Seaae aet Ave ._| 1. 759 . 700 | 20.81 | 7. 22 n2oeelG. 66) |) 658e5| 4. Usiebasé | 2572 30 

No. samples examined __|55 19 12 55 55 5 6 5 13 19 7 
Alene ClosedsestOWwersslViine=|sleoon | | KOZ5OI Si 18465) (86403 4| MONOD ase se ele |e el cee |e 
(Japanese and Dal- ;Max_-_} 2.09 tot isles Daal ike sy eave al WACO Sales Sue re Pe ok 1 aM eS ek af || 
TI GAT) ee eee Avie a ler (S42 0 S6Otelig22°09" [720i 2 4G)! eae Me one ee pe a Ne I 
No. samples examine@d__|103 34 27 103 UU ESE ps | ie | reso IDS |r | Ne | 
Min_-} 1. 40 OnS28uee aes GEASS OMI2E eee ee | ee 4.90 | 0.62 0. 14 
““Half-closed’’ flowers_{ Max_-_] 1.75 HOO Ms es TOS ATE, Nese ee eee 2 6.44 | 5.05 . 39 
AN C= els 000) ee GO62)) aaa = 7. 07 Poles es ees CERN Pee eS 5. 68 | 2.51 . 81 

No. samples examined __|18 ANC roh oy | ae eR OA 17 De fees ees We fae A ah 4 8 4 
Min_-_} 1.17 0.451 | 27.20 | 4.88 | 0.06 | 19.98 | 5.09 | 3.50 | 4.81 | 0.88 0. 10 
£*Open”’ flowers______- Max_-_]| 1. 40 . 667 | 35.85 | 7.87 | 1.38 | 21.72 | 6.60 | 4.70 | 9.21 | 4.99 . 90 
Ave_-_| 1. 267 . 5382 | 31.02 | 6.09 .26 | 21.11 | 5.81 | 406 | 6.69 | 2.33 47 

No. samples examined__|104 94 28 104 = |104 5 8 8 17 45 9 
(bia ONG104 | 05125 71 32539i41°3540 110)068 |exs- = 3] le Sle oe ha eee 
Japanese stems________ 4 Max-__| 1.12 ns ZeAT Tap | Gee Az Alb Ged Uo Ma G0 fe) foc Se eae ha ape PE aco oe ag 
{tAve__| .928 . 326 | 44.38 | 5.38 CS Fa gee oe Sea De ly RMD |b | (ee Ps oy ee ee 
No. samples examined__|1Z 12 12 12 Epp) LE | a fe ie | [ele 
NV iiaY OS 5470) Onblieleaondb4. 1p160) |) OF09) | M754 |p 2584 | eb3) 4.50 jose 0. 38 
Dalmatian stems_____- Vite GOON me od OM a2 OS ee Os O il eeOOM alsa r2On)| ios | mandi |e ile 2A )s | eee 8. 89 
Aver _| (33 . 192 | 37.69 | 4.68 Q9y | US! Qe eS F220) We 440 Tee 3. 93 

No. sampies examined _-| 6 26 ela 26 26 5 7 7 TAS th a | ieee 9 
All stems (Japanese Min t a 0. red B a 3: a i A Si eceGl oie el ert ersiits ca eueRtr Salle Gone 
and Dalmatian) _____ pL Sa lie aha val : DIAN baie? “allan le aren pees Se a ips oe 
Ave.-_| .765 . 23 40. 66 | 4. 90 50) eras’ eee jhe 5 aiid anette Sg 
No. samples examined__|18 38 | 27 38 Sie | w teemetema ct Race ttetes toe cl [ie eacneoen | eae | ee 


In estimating the quantity of stems in an unknown sample, its 
nitrogen and phosphorus pentoxid contents are compared with the 


10572°—26——_4 
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average values for these determinations in samples of flowers and 
stems. ° 
The formula for making the calculations is as follows: 


__ 100 (a-c) 
90: a= 


in which X = percentage of stems in sample. 
a=average percentage of nitrogen or P,O, in flowers. 
b= average percentage of nitrogen or P,O, in stems. 
c=nitrogen or P,O; in sample. 
The value of a differs as to whether the mixture is made with 
open flowers and stems or with closed flowers and stems. 
In the case of open flowers and stems: 
(1) Based on nitrogen values— 


xX 


C—lel6n 
b=0.765 
~~ 100 (1.2672) 
(2) Based on P,O,— 
i—OUD352 
b=0.234 
100 (0.532-c) _ _ 100 (0.532-c) 
ACT 0:632-0.098 Foe eee aa es 


In mixtures of closed flowers and stems: 
(1) Based on nitrogen values— 


G—AL foe 
6=0.765 
100 (1.784—c) _ 
A= 734-0.765 98 (1.784) 
(2) Based on P,O,— 
a=0.691 
6=0.234 
100 (0.691-c) _ 
X ="9 91-0.934 =220 (0.691-c) 


In connection with other observations, the crude fiber determina- 
tion is of value in indicating whether open or closed flowers have been 
used in the mixture. In most cases these mixtures are made from 
open flowers, which are cheaper than closed, and stems, though 
sometimes closed flowers are employed. The question then arises, 
how can the analyst tell whether open or closed flowers have been 
used and which values to apply in the formula. 

This may be determined in the following ways: 

1. Examination by a microscopist will show whether open or 
closed flowers have been used. ‘The presence of a large quantity 


6 In obtaining these averages the results of analyses of all cleaned and uncleaned flowers and stems, and 
also of commercial samples of flowers (with a small part of the stem left attached when harvested), were 
included. Theoretically the averages should have been based either on cleaned flowers, without attached 
stems, and on cleaned stems, or on commercial flowers as marketed (with the dirt and short stems still pres- 
ent), and on commercial stems containing the normal percentage of foreign matter. However, the quantity 
of stems and foreign matter in commercial flowers and the quantity of foreign matter in stems are so small 
that the error introduced in this way is negligible, 
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of pollen and the absence of fruit tissues indicate closed flowers; 
And, conversely, the absence of much pollen and the presence of a 
large amount of fruit tissues indicate open flowers. These tissues 
are very characteristic and can not be mistaken (PI. IV). 

2. Mixtures of flowers and stems are made up on the basis of 
lowest cost. By following the market prices on closed and open 
flowers and stems, the analyst can usually tell which has been used 
in preparing a mixture of flowers and stems. 

3. From the intensity of the green color of the ether extract, 
after if: little experience, the amount of stems present can be told 
roughly. 

ae The crude fiber determination, taken in connection with the 
intensity of the green color of the ether extract, general appearance 
of the powder, and odor, serves as a good indicator as to whether 
or not the mixture is composed of open flowers and stems or closed 
flowers and stems. 

By a combination of all of these tests, but more particularly by 
microscopical examination, it is possible to tell whether closed or 
open flowers have been used in a mixture, and, by the use of the 
formula, to determine the approximate percentage amount of flowers 
and stems present. 

In Table 37 are given the nitrogen and phosphorus pentoxid con- 
tents of 10 known mixtures of open flowers with stems, and the 
pen uey of stems calculated from each of these values, using the 
ormulas just given. 


TABLE 37.—WNitrogen and phosphorus pentoxid content of known mixtures of open 
flowers and stems and quantity of stems present 


Stems calculated 
from— 


Sample No. Stems eee PiOp) es oe Means | Enron 


Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
0 1. 280 0. 3 1 2 


isp Se Ss Soe a 530 + 2 
eis Doe ee ey eee eae 0 1, 23 . 623 6 3 5 + 5 
Dee ee eee oe Se 0 1. 250 . 510 3 7 5 ap 
Bier Sree wR Se 10 1. 185 . 459 16 24 20 +10 
Ti SS oe See ee ee ee 10 1.170 . 482 19 17 18 + 8 
De Bee Tes ioe oe es ee ae 20 1. 140 . 411 25 40 33 +13 
ee ee en See ae RIS yaa) eso 20 1.170 . 447 19 28 24 + 4 
(oasis os el ee a ey ae i 60 1. 035 . 275 46 86 66 Gs 
a eee a os 60 919 . 300 70 77 74 +14 
LU pa ae ge ey 80 947 . 206 64 100 82 + 2 


Tables 38 and 39 give the results of the analysis of commercial 
insect powders. Those reported in Table 38 are on the samples 
unadulterated with stems, foreign plant material, or coloring matter, 
while those in Table 39 are on Samples adulterated with ground 
Pyrethrum stems, sand, chromates, or other materials. 
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TABLE 38.—Analysis of commercial insect powders unadulterated with Pyrethum 
stems, foreign plant material, or coboring matier 


Ash in- 


Sam- +3 Ash in- || Sam- : 

ple Madein— | NTO" | ash | soluble || ple Madein— | N70! ash | soluble 

No. gen, in HCl || No. een, in HCl 

Per ct. | Per. ct.| Per ct Per chs \;Reriek 

11157 | United States_____ 1, 64 8. 92 0: 845) |:213 704) vapan.- 22-22 ee 7. 09 . 65 
THI 4 aS C02 ee 1. 29 6. 73 22 || 21941 | United States 8. 06 1.02 
10335 |seoee Qs Fe ee 1 tay) 8. 07 98 || 21969 |22- == dose eee 6. 54 . 28 
12034-}_ 2. Goss Lew fs. 28 1. 56 9.01 LAS aeal| 22080 al vay aye 7.49 alas 
12B12-) Eimnglands._-2 222 [oeele 52 7. 67 43 || 22637 | United States 6. 69 . 53 
12217 | United States____- 1. 56 7. 67 Goer 22051s |e aaee G0s22 8222 eee 8. 08 .97 
12973 \|2 5 Oe ee let ROD Q593 ise eso ae 22 Ole: | sae dO eee 8.10 1.19 
126135) smeland. #22 ho Tks GR 7. 54 Cale 22006) lose Lop ORLeO Ee == es 10. 00 12.47 
12654 | United States_____ 1. 26 [hn We . 66 || 22764.| United States 7.35 . 84 
265i G0r2. 24.6550 1.35 8.57 12,22 || 22804 }__-_- Gos2. Aare 10. 09 1. 49 
12660 |_=—_- OK) Soe Bley ee re 15) 6. 49 24 || 22894 |_____ GoQs25. 32 sane 8. 71 1. 24 
129207 aot donk Ee. Ae 1. 54 7.09 Soul) 220057 |e dolitite tiie 9. 07 51 
15202) |Pee GOa sa) he Me Sees ees 7.08 LEDS OPA | ee ges es ee 6. 81 Ob 
136037 ]t 2-2 GOSH 4 ee 1. 40 7.70 99: Ne 22072 * hae dose: Sees 8. 90 . 59 
13649) |S 3 Os 2 Sees 1. 53 TAN IEP S VAL ti eee do sie ree 8. 04 1. 24 
136905 AuSEtia seen see 1S25 6. 29 SBP CRP a do a Sas 8. 47 . 34 
137682] United States____) 1.60 30 DOA a e2a5SOn pene dot). Bees 7.09 . 67 
1S860s |e “0. See ciel 2 1. 61 7. 58 Oh) || ZeeGRs in Gg eas 7.03 . 78 
13921 |= d0_. 2742 1.54 tld (ae WP ORR |p GO er ene 7. 36 . 76 
13993 |kew 2 dors. 623 2 Fe ney 6. 93 68 || 23491 |_--___ Oct ek aie 7. 26 . 64 
T3085) ee Gorter. it 1323 6. 05 DG || GSB ae Oe eee 7.05 - 70 
HATS TAIEL (OMe BR ESBIEAD 1.14 6. 11 39 || 23647 |_____ doit. Biststes 7.10 a7 v6 
PASTORIS es dOt= tee 18 6. 90 A | 23640 Os: 25 F ee 6. 89 1. 02 
14Sib ees GKaYigerhh eee nie U7 7. 03 TE} |}) GENS 2 dot eae 6. 53 . 58 
TAAAS S| Ves GOr See es 1. 26 5. Te PAY NI ape eas | ee oe doer ere ae 8.19 Te TE 
TG 9FP.B$%|) Snean (6 (oe eae 1.24 8.14 GA R23918s | Japankeys =e 9. 67 4.32 
94780) | 22S do. Arse ss 1. 66 7.57 oa 23990 eas Qseiieeraes 7.47 .91 
149922 |_____ Gor eee eee 1. 62 12 1.00 || 23949 | United States 6. 85 . 90 
TOUSS. |ATISERIA_ as Seas teed aa 7. 83 BAG i] ea N AG) |i oe 7.06 . 70 
BO22A | \eRbaly ©) £22 32 < apt) 7.00 Si e220 eee do. 22 Sh aee 6. 56 .45 
15272 | United States_____ | 1. 41 8. 48 1.69 | 2AOS Sa =e (6 (0 eye ee 7.19 whl 
HHS OOm ee Orit ee as Espa 7.09 G6 a e2eRi2 sea GOu Skee Sa ene, 7. 61 gg] 
Toda 0s | AIST awe te mane |. il. 29 6. 23 SO) oye) |e Gobet S58. 2a 7.40 1.00 
15850 | United States_____ | 1. 54 7. 02 Soy eee aes 616 eR OS eae 7.47 . 94 
16018" Japan. =e SEL 66h]! 917, 19 67 || 24125 |__= dons) Soko 7.47 .92 
THOLOM Ee ae dons tS ly cewleerag 6. 91 ZA IGS, |e Go... ae ees 7.53 1.03 
16499 | Fingland_____-___- 1. 54 8. 34 12.0 DANO Me | a (6K Fear es chee ee 6. 84 . 82 
16546 | United States_____ 1. 48 8. 09 (OM | S241 89 tapas 6. 90 5 le 
L6GE ae a GO es Soe papel nett T5745) 1. 64 || 24276 | United States lS 1.07 
THONG) AY op aes Sere ee aes SE ley 6. 69 A4 |) 24077 -|2___- GOs soe ue 7. 48 1.04 
AP4ASOHIE DE. Coir. bee 1. 66 6. 39 L460) 24278 [oo 75 Va a ba cee 8. 23 1.45 
17619 | United States_____ SL ee 8. 64 15) |p 24279) ee d0:3. Sees CeaTAl 1.09 
624-2 | boEe (6 one ce MER 33 ie LY64 7. T4 937) 24980) ae dots 7. 50 . 99 
NGG (Germanys bo ae 1. 64 7. 43 O9 || 24281 |_2___ GO 22 ee rete 1.31 
G25 |e GQu Serer 2 3s ik es 7.49 09 || 24282 |____- Oss ee 8. 58 1.82 
18022° |) Wngland=--- 5-22 S82 8. 23 26 e24200 ae 0022 #2 saree 7.42 1.06 
18149 | United States_____ BS} 7. 00 12) |) 24284 2 Sees LOSE ASE see evi - 86 
PSt51 je 2 les r KG Renee er ie Ne 1. 80 8. 72 DOR B2A Doon ae a (0 Yk ee ee 6. 97 64 
SSE5G <|2 noes (Go eres oe ae et 1. 46 8. 20 83 || 24286 |. -- Gout ee 8.15 1.33 
Thorp i493 al eae a Gdosts. ae 1.95 8. 36 3 DADS | aeeee 6 Vo Yin SRS ees 8.19 1. 64 
TheB ies) [ea AOe ss ses Oe IED 7.78 LE O9 Ge 2eoOle ae ase 6 (0 et eee ere ew lecee . 68 
TSOZ2:i| hee Woes 48 Be 1. 48 6. 91 Hoy ||) PARRY le aaee (6 ge wees 8. 76 1.90 
WSTAG iw ta G02. 2S eee: Tey. 7. 04 BG Hh ABT ely GOxt Seca: 7.98 . 61 
HOLST I Vapam a — be M7 7. 38 I 2ABI4A |b feu (6 Ko eee se 7.69 . OL 
19278} Hglinds 9 Se25 1.61 7. 83 Q5t 2435, | 5 see dO. 22 es aie SOS 
19283") Australia .22* = 1. 28 6. 54 iS PNS2AS1G 122 See G02. Neh 7.70 . OL 
19320 | United States_____ 1. 24 6. 74 SG WSBT |e do.22 6 Se 7. 58 . 62 
19G43 5 | Hone GO S22 .aGh teks 1. 20 Tet WOE EDS NOH SSS tis oe (ORO oe ae eS OG . 64 
19666 IG (0 = eee 1. 34 6. 70 Soe || PUL B IR) eee 022 See 7. 42 - 62 
(9661 22283 Oss 1. 56 7. 46 SEB rE PES Wee (6 Co eee eee 7. 66 Oe 
NOGA Ales GOP eer 1. 56 7. 42 SSE i} 24321 pees - dozits: £235 5 7. 46 . 64 
ee aye (ea ee GOS: Bisiek 1.15 hand UEC) SOR) | ae es dO: 3 eee 7. 92 1a SI 
198SR a Eee Goskieairt re. 1. 28 6. 99 a7 PBR | 2 doses aes 7. 88 1. 52 
DOOST BS (6 Ug oP oe ary Veer 1. 44 7. 67 1,22. || 24324 }.- 2 dose Ree 7.38 . 98 
D224) ere G02 se ree 1. 24 6. 49 Ah W942 Spa) | ete Se dO 222 aie 8. 06 1. 67 
90225 |_____ datese hak 1.08| 7.76 2. 427|| 24396 |____- don abe ee 8. 04 1. 55 
202260 |e 0 Lg ae ee Se 119118} 6. 03 SSey If GRP zl lee 0.2 4Ui se eels 7.81 1.46 
AWAD) eee GOne a) aby BE eS 6.15 227 \\-2a828> oe 2 (0 (ome ee 7. 83 1. 60 
DOS Tor |. se C6 0 Yous wba Said 20 7.48 1a 24529 4s GOL2 eral eS 7. 65 1. 53 
DOr Shells (6 (oa rege Aer 1. 30 5. 47 +69) |) 24330) 222-2 do-22 53 8. 02 1.78 
POSG2 | aa (6 Yo ccc Ae etna £2) 6. 7! Ses) ||P PAS Bil |e GO se ae ES 7. 93 1. 87 
AVEO Ae ho aes (6 Lo pamela 1. 26 Taiae Bay, |r 4 S> |e a Gousautie ae 9. 26 13.61 
D608 Wise o (6 Cassese es ee 1.18 6. 80 AAD) IP GSBRS |e dO eS reas ‘gL 05 
OTe a 0 (aan a eee 1. 21 6. 98 WON Ws245040 see roe Pan eee ye 7. 62 137 
21043 5|22-—" (0 Ko he see, Sane 1. 60 7. 29 Hebe le: SRY ee See 6 (0 oe ee 7.89 1.41 
PIAS ae aee does 1. 22 6. 73 56 |) 24336 1__S_- do2t. Seem Wane Lotz 


1 Contains sand. 2 C, cinerarizfolium grown in California. 
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TABLE 38.—Analysis of commercial insect powders unadulterated with Pyrethrum 
stems, foreign plant material, or coloring matter—Continued 


Sam- : Ash in- |} Sam- : Ash in- 
ple Made in— nee Ash | soluble ple Made in— PEE Ash _ |soluble 
No. eens in HCl |} No. gen, in HCl 
eer cha| Ph eimce, erence. Per Chaat eT aChel| PE enaGke 
24337 | United States____| 1.48 7. 68 1. 74 || 24646 | United States____| 1.77 7. 43 1.05 
WSBT ||pos Queer sere 1. 45 6. 67 91 || 24647 |_____ Go pee Sere ie 1.77 7. 64 1o-r 
PASO). || Sees Oster hee 1.54 7. 84 1,29 || 24648 |____- Gos sst ks 2 ere S783 7. 56 1.14 
24340 |____- doese saa 1. 48 7. 87 1.90 || 24649 |____- G0 > — tenes Ltr Fp Teas ips? 
ZASAA Eo = C6 Kay eae a 1.39 7. 34 1.73 |} 24650 |____- DO ete ileirigd 7. 42 1.12 
DARAD Eee 2 dors is Ui 1.41 7.91 2.15, 2465" je 2s G0. eas 33 1. 80, (big: 1. 46 
BABAR |e = Oe ee if ail 7.78 | TG Bie Peay Ae ee GO a4 aa 1.80 7. 59 1.10 
JAS |e dow. sre 1. 45 7. 62 15965) |624650. jo (OL0)2 Saar Pa Oe |) eel Gy 6. 59 . 81 
24345 |_____ dozens su 1.79 7. 89 58 || 24708 || Burope. =. .2-=-). her iese. ria is 72 
24346 |_____ 2 oe tes 7.59 .46 || 247362] United States_____ Vy 59 7.2 1.08 
DASA Ses Ds Roe s SSS 1. 63 7.03 -40 |} 24779 | Hurope_._-_-_---- 1. 20 7. 07 te 
24348 |.__-_ Qe eee 1. 67 7. 24 . 35 || 24798 | United States_____| 1.56 7. 80 1. 22 
PASAG ene Ghee he ees 1.71 7.32 Hoot |e24Si2e| Japamen aka 2 1.59 8. 63 12.99 
ASH 0) |= ae8 Ca er 1. 62 7.41 99 |} 248202)_____ (3 \) reer ite 166 6. 86 . 66 
DSi kl es 6 (oy SS 1. 62 7. 46 70 || 25662 | United States_____| 1.68 7. 54 1.18 
Wi SEy) ||he se. - dos. - 3% 1. 63 7. 41 87 || 25069 |____- Comets Bie = See 1. 26 6. 75 . 20 
92:38 is) eae (a (oye See 1.65 8. 01 1. 04 || 25070 }___-- GO 282 aa es 1. 68 8. 01 . 29 
DBE eas 6 Co apiece I Ho) 7663 91 || 261882)_____ Oe ee ee il ey 5 De . 44 
FB) leases do2 2s 1.70 (i 4S Nase0an 2anen GOSS Pees! on 1. 56 6. 46 68 
725s a G02 225 <2 ee 1. 65 7. 84 278 | a 
1 dos: =a Tepe eA 1. 49 | Minimum. _______ PROS ie a4 . 09 
DAAST- === == AQ=. 2-2-2. 1.73 6. 87 . 69 Maximum _______- 2.01 10. 09 4.32 
24643 |____- do:..=- 2 ee 1.76 7. 44 1. 04 | AVGrAGC UE S20 22 TDD 7. 50 . 95 
24644 |_____ do aes 1.76 | 7. 57 Te by), Number ‘samples 
24645 |____- HOLA: Vae aaa 1.79 7.81 1,29 examined_______ 196 196 195 
J 
1 Contains sand. 2 C. cinerarixfolium grown in California. 
2 
TABLE 39.—Analysis of adulterated commercial insect powders 
ple Made in— pee Ash spi Color of ether extract | Adulterants 
e HCl 
Per ct. |-Per ct..| Per ct. 
11301 | United States__| 0.895 | 10. 26 3 32) oiLone eTeen ass | Stems and sand. 
EISI9: [2-2 - (Cans Os 555 Cio mele 28, |e GOS eS eae FEES. | Stems. 
rico doe sees [eSSRRA dy Groeten boa 2 ose Senta 0 Do. 
13) og eee ae | aia Oe | 6. 76 ASST aes G0 eee aaa oe OAL Stems and sand. 
HANTS | =o GO sae eee | ORO The ili 1/88 | 2 ee G02 eae Do. 
123038 |----=- GOs 1. 060 9.86 | 3.56 | Dirty pale yellow_____ Do 
12466) |= - = - CY ae see aloes lle Oeleawo OO; Gxeena-2—- saa eet Do 
d265Se|- 52 — Goes ee es 1. 135 ted SON sae ae 5 Vyas See PD i ps 8 Do 
BVA Sea CO) =e 20 7. 06 Lay (an fh BEES GOS Ss. Sie oo Stems 
ASIEG) |=! GO sate ae 910 5. 43 O07) ea GO ee ean Do 
i dares [HAs On MD Ss | a (iat Homes Wea AN} Do. 
SS Sl eas (6 (oe ae 1. 120 6. 24 aliv(a|| Ghivta cuts Nea eae peas Do. 
Hagen ivaly ss" = 1. 370 Seyi. | Serer ey greenish yel- | Lead chromate (2.82 per cent). 
ow. 
13824. |. Austria_.-..-—_- 990 [SR bol Mes pee Strong green_______..-- Stems and 2.27 per cent lead 
chromate. 
13857 | United States__| 1.180 7. 60 .86 | Greenish yellow_______ Stems and unidentified bark. 
PO 2 De Goce re 1. 140 9. 78 210 ae GOs ae ee Stems and sand. 
14039 |___-- don sss 950 6. 37 .69 | Strong green________-_- Stems. 
14405).\' 2. ~ dgses 1 e 1.145 O560 ble elms ae GVO} ee eer eae 2 Stems and sand. 
Led {Cpe era dose 947 aaF (A orl leg |e (6 YO Vae Re hie aie ont) Sik Stems. 
14550 |___-- iO seers e | 919 6. 31 64 |e GO: eee. tees Do. 
io 2 eee doe as: eslelo0 6. 12 | .55 | Greenish yellow______- Do. 
15393.) Adistria 22 1. 210 7. 30 t botaGareanm 22.) tes a eS eet Stems and 1.48 per cent lead 
chromate. 
#O9208|- 2 =e 3 (eee ache Co ie agg 13 MN ee MD Se (oo he Cee Stems, calciiim carbonate, and 
2.07 per cent barium chro- 
| mate. 
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TABLE 39.—Analysis of adulterated commercial insect powders—Continued 
ear , Ash in- 
ple Made in— DEE Ash soleus Color of ether extract Adulterants 
No. HCl 2 
Perch PR en Chae erce: 
17384 | United States__| 0.954 7.14 0: Shaul sGreenste2s 2 aun ee es All stems. 
1674207 | So dose . 856 5. 70 “O02 | = doa ese eee Do. 
A998 ae don sees . 947 5. 66 OGn |e {5 (oiglen ee cc pee Ses ge Stems. 
ESt5S a |e do 2 Seas . 849 7. 62 1 i Be encore Os eee eee ee All stems. 
1OKA5S |e G02 2522522 . 807 6. 36 .61 | Strong green__________ Stems. 
TOS4GE | eee GOs 1. 030 6. 69 129m) fee On eS aa Do. 
PAYA |e eae (0 (0s eee 1. 185 7.18 1.13 | Greenish yellow______- Do. 
2071 S86u| see COs se seee . 887 6. 06 SoC \OtLOn es Oreen ee sane Do. 
DISC wae Osean 1. 060 7.19 aif ECON So 522 ee eae eens Do. 
D193) eae Gore sete . 954 6. 16 GTS ae Get fA SRE ae Do. 
20940 |____- dO. Sees sie 4. 96 ST O9a| IStEOne: Sreen = ses a ao Do. 
FATE ee GOs ae 1. 145 10. 12 4,31 | Greenish yellow_______ Stems and sand. 
TPA |e dozens 1.015 6. 09 -405| Dirty: greenk 28022 as Potassium chromate and stemss 
ASTID | Eee (3 (0 ee pe . 786 Pell .66 | Strong green__________ All stems. 
23369 |=2 2. dons soa 1. 040 6. 57 . 80 1i( 572) d anya RE aes are Bn Stems. 
PAG AYN a ee (0 (at et a 1. 165 6. 75 Alo ay | pees OE ee a aoe Do. 
FAG) eee doo eee sas 1. 090 7.05 SOs OS 2 aes. vies Do. 
PSO) ae dos2 Shee 1. 050 8. 68 SiS apes GOS 2. ees oat ee Stems and sand. 
24168) 225" Goya ne 1. 120 7. 00 Bel (i\=| Wiesanes (9 Co peep aie Ela elie Stems. 
24769 |___-- dolce ees . 898 6. 38 .69 | Strong green__________ Do. 
Do04on asa (0 (pe, a ee 1.170 6. 10 . 82 TCC ho ee ee Do. 


TaBLe 40.—Analysis of commercial powders containing stems, amounts declared, 


made from “‘open”’ 


Sample No. Nitropen, P205 
Per cent | Per cent 
119/08 Reet ree 58 renee eee eM Be ec Rs 0. 891 0. 289 


flowers and siems 


Stems calculated 


Stems from— 
Paes Mean Error 
present pee: P20; 
Per cent | Per cent | Per cent | Per cent | Per cent 
75 75 78 +3 


From Table 40 it is evident that the amount of stems in commercial 
insect powder determined by the proposed method of calculation from 
the values for nitrogen and phosphorus pentoxid agrees within an 
average of less than 10 per cent of the amount declared to be present. 

In some cases the ash and acid-insoluble ash contents in insect 
powders have been found to be higher than they should be, based on 
those determinations made on samples of known purity and on 


samples of flowers and stems. 


Some jobbers have claimed that the 


high ash content of their product was due to the addition by the 
manufacturer of siliceous material during the grinding or to the 
introduction of mineral matter during the grinding as a result of 


abrasion from the mill. 


In the case of stone mills there would be 


ee eee 
a 


oe eS. el se SS er 


a 
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some wearing of the stones and a small quantity of material would be 
introduced into the powder in this way. It can readily be seen, 
however, that if this were sufficient to increase the ash content 
Sealy, say, 1 per cent, there would soon be nothing left of the 
mill. 


In order to determine whether there was any marked difference in 
the composition of the powder from that of the flowers from which 
it was made, a number of samples of closed Japanese flowers were 
collected immediately before entering the mill and samples of the 
ground product as it came from the mill. Owing to the great capac- 
ity of the milling and sieving machinery, the powder from any 

articular sample of flowers could not be identified, but when col- 
ected over a period of a working day an average of all samples 
collected should be representative of the material. In Table 41 are 
given the analyses of these samples, which represent a run of about 60 
bales (25,000 pounds) of closed Japanese flowers. Table 42 contains 
the results of analyses of Japanese stems before and after grinding. 


TaBLe 41.—Analysis of Japanese closed flowers before and after grinding 


Flowers Powder 
: Ash in- . Ash in- 
AON Ash soluble Ee Ash soluble 
, in HCl || 8 in HCl 
Per cent | Per cent | Per cent || Per cent | Per cent | Per cent 
1. 96 6. 75 0. 28 1. 735 6. 77 0. 53 
1. 66 6. 95 32 1. 705 Th 5) . 74 
1, 82 6. 85 65 1.89 6. 56 . 45 
1. 78 6. 67 29 1. 84 7.19 Sita 
1, 72 6. 92 68 1. 88 7. 61 121 
1.76 7.09 79 1. 76 7. 40 1. 00 
Iri%/ 7.01 . 74 IL /2/ 7.47 . 94 
1.79 6. 88 47 1. 74 7.47 . 92 
1, 80 feel . 82 1. 81 7. 53 1. 03 
1. 94 7. 43 97 1. 65 6. 84 . 82 
1. 76 7. 70 PAI 1. 81 eto 1. 07 
173 7.19 ii 1L78} 7. 48 1. 04 
1. 82 7. 39 . 97 1. 85 8. 23 1. 45 
1. 76 6. 96 . 60 iL, 70 Carat 1.09 
1. 81 7. 40 . 98 1. 68 7. 50 .99 
1. 81 7. 26 rei yes Tele Ok 
1. 88 To BBi 79 1.79 8. 58 1. 82 
1. 84 8. 58 2. 03 17 7.42 1. 06 
1. 84 (hte? is lb! eng fou . 86 
1.91 7. 46 . 89 1. 76 8.97 . 64 
1. 87 7. 50 . 94 1. 87 8.15 i, BR: 
1. 82 7. 63 1. 05 1. 80 8. 19 1. 64 
1. 81 7. 84 22 1. 76 7. 44 1. 04 
1. 80 Tage 1. 34 1. 76 (Ee 1 1s) 
1.90 8. 22 1. 83 1.79 7.81 1. 29 
1.70 7. 28 1. 04 Leese 7. 43 1.05 
1. 93 7. 26 1. 07 A iE 7. 64 Peri 
1.90 8. 31 a eR 7. 56 1.14 
1.91 7. 82 1. 36 IL eiT 0 7. 55 ate 1) 
1.98 7. 68 iL as} Ue ie/ 7. 42 1.12 
1. 87 7.59 1.05 1. 80 7.93 1. 46 
1. 84 (6BY¢ .99 1. 80 7. 59 1.10 
1.91 7.12 . 76 1.52 6. 59 .81 
iE 7 7. 22 . 94 
11,83 17,39 1, 96 Pci) 17.56 11.10 


1 Average 
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TasLEe 42.—Analysis of Japanese Pyrethrum stems! before and after grinding 


Unground stems Powdered stems 
cyst Ash F Ash 
Rogen, Ash insol. Nalrogen, Ash insol. 
> in HCl in HCl 


Per cent | Per cent : Per cent || Per cent | Per cent | Per cent 


0. 982 5. 03 1.10 0. 706 4.29 0. 85 

814 5. 58 1. 50 765 4.54 1.02 

854 5. 07 79 1.015 6. 26 1. 94 

948 5. 63 1.45 | 877 5. 50 1.57 

. 884 4.81 90 . 891 5.75 1. 66 

. 842 5. 03 1.15 

. 954 5. 86 1. 54 

891 5.71 1.69 

912 5.71 1.72 

996 5. 88 1.80 

. 758 4.75 1.15 

961 6. 03 1.84 

. 940 5.81 1.81 

. 891 5. 67 1. 67 

. 863 5. 07 1.28 

. 870 5. 57 1. 55 

2996 25, 22 21.15 2.879 25. 46 21.52 
| 


1 These stems originally contained much “‘dirt’’ which was removed by sieving, 16 per cent being thus 
thrown Bay, The figures reported are cn the stems after removal of all dirt. The discarded sievings 
analyzed: 


Ash 
insoluble 


Nitrogen,| 4 oh 
“ in HCl 


Per cent | Per cent | Per cent 
1. 93 21. 62 13. 99 
1. 93 23. 23 15. 67 
1. 82 23. 64 16. 19 


2 Average. 


The average results for nitrogen, total ash, and ash insoluble in 
hydrochloric acid in the flowers before and after grinding agree 
closely, showing that no appreciable change in composition is brought 
about by the process of grinding. 

In the case of stems the figures for total ash and acid-imsoluble 
ash are a little higher in the ground product. This is no doubt due 
in part to the sampling, as it is difficult, in the case of the unground 
stems, to cbtain a uniform sample, owing to the nature of the material 
and to the way in which it is packed. 

Practically all the insect flowers imported into this country are 
the Chrysanthemum cinerarizxfolvum, but after the beginning of the 
World War a few shipments of flowers of C. rosewm were received 
from Russia, through Marseilles or Italian ports. The results of 
analysis of these samples are given in Table 43. A comparison of 
these results with the corresponding figures for the various prada 
of flowers and stems of C. cinerarizfolium shows that the ash and 
nitrogen contents of C. rosewm are higher and the ether extract 
and pentosans are lower than those of either the flowers or stems of 
the C. cinerarizfolium. The values for crude fiber and phosphorus 


a 
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pentoxid of C. rosewm correspond closely to those of the closed flowers 
of C. cinerarizfolium. The powder prepared from the flowers of 
C. roseum is much darker and has a different odor than the ordinary 
insect powder. The odor of an insect powder and a microscopical 
examination should serve as a means to determine whether or not the 
product has been prepared from (. roseum or C. cinerarizxfolium. 


TABLE 43.—Analysis of insect flowers (Chrysanthemum roseum) 


I 


| h 
= SaeEE Ether Pento- Crude | |, As 
Sample No. N P205 Sxtract Se fiber | SH | imsoluble 
|} in HCl 
| 
} | 
| Per cent | Per cent | Percent | Percent | Per cent | Per cent | Per cent 
UIT Wk feel eh SO oh de POR EY ga: 3k | EF. mabe ect ip ee SPS ey 8.75 | 0. 60 
egipieet one ee See SE Zoli 2. 2 LeRoi Ea ie pink CF nee 8. 45 35 
a7 PS URS ERs 2. 26 0.714 2.83 13.78 20.44 11.09 | Ll 
gS psi t ME eT) Ba es feaetenta! | 69r 2.74|- 13.21] 20.04] 10.89 | 1. 45 
711 (7 SRR leer Sa gO Bi yk ae 2. 04 . 738 2. 73 13. 42 19.31 | 11.90] 1.51 
nin TS, ot eS. ees rR ANS cele ee Es es eel at AP oe Cpe oer } ere ERGO 3. 42 
epee ae acre ee 2.08 | CGE I teal Eire ENGST 18.46] 9.15] 45 
Ce) eA Ne ie Oe ee ER eT 2.00 | 581 fk GEAPS VEE oe en 17. 80 | 9. 88 | 1. 26 
Minimum: ©2545. os: 1.95 | . 581 2.73 13. 21 17. 80 | 8.45 | 35 
Piastmums < etea ee | 2. 26 | . 738 2. 83 13. 78 20.44] 12.62 | 3. 42 
FAVCFAPC.. So) te ees 2. 08 . 673 PASTS 13. 47 19.21 | 10. 34 | 1. 27 
| i | 


Samples of C. leucanthemum (generally called ‘field daisy” or 
“oxeye daisy”’ in this country), which have been largely used in the 
past, and to some extent at the present time (S26), as an adulterant 
of insect powder, have been analyzed in the Insecticide and Fungicide 
Laboratory (Table 44). 


TapiEe 44.—Analysis of Chrysanthemum leucanthemum 


| | 


fee | ~ Ash 
Sample re pes | Nitrogen, pees | Ether Pento- Crude 
No. Description N | Ash | eae P205 extract | sans | fiber 
| | | 
| 
| Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
14933 1| Flowers only_________- 1. 82 10. 02 0. 92 0. 684 3.18 | 14. 34 20. 14 
22ti7 i CO ae Pn es 2. 23 10. 45 2 Cl ee eee et Pe eee eee es oe ee 
23020 | Stems only_____-----_- 1.45 | 10. 38 Std aie ees: 3 were sete ai | ees thd ela 


1 Sent in as “‘false’’ insect flowers. 
2 Collected near Markham, Va. 


Restutts oF ANaAtysts (1918 To 1924) 


From 1918 to 1924, inclusive, nearly 1,100 samples of Pyrethrum 
flowers, of European and Japanese origin, Pyrethrum stems, Pyre- 
thrum roseum flowers, and insect powders, both pure and adulterated, 
were examined. The results of these analyses are reported in Tables 
45 and 46. During this period most of the insect flowers imported 
were labeled “ Pyrethrum flowers”’ or “insect flowers.” In reporting 
the analyses no attempt has been made to separate the samples 


examined into grades, as “closed,” “half-closed,” or “open.” 
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Tasie 45.—Analysis of Pyrethrum flowers and stems (1918 to 1924, inclusive) 


Composition 


art Number - 
Product Origin of ist 

samples Nitrogen, N Total ash | insoluble 

in HCl 

Per cent Per cent | Per cent 
Minimum__-___-_- 1.19 4. 34 Trace. 
Pyrethrum flowers (C. cinerarixfo- | Europe--- 288 |, Maximum____-_- 1.97 9. 42 1.78 
lium). (Average_________ 1. 53 6. 39 . 24 
Minimum.______ 1.15 4. 55 Trace 
TOG Si Sire ine ee ae ies ie ee Japan] 265 |< Maximum ______ 2. 27 8.31 2.10 
A Veragessse2 ra 1.76 6. 32 OL 
2.08 9. 37 .99 
Pyrethrum flowers (C. rosewm) ___-__- France___- 3 2. 07 9. 98 1, 28 
2. 23 9.13 . 90 
Minimum_______ 58 3. 30 Trace. 
Is Vre Christe m Ss cy ee ee ee Europe-_-__- 28 |; Maximum_-__-___ 6. 63 0. 41 
j AV CTASC. Rave 72 4, 84 asl 
. 94 6. 20 . 92 
TD) ete serene Epps ee Deh ees Paring es Japan 2 3 1. 56 8.00 2. 01 
1. 36 7. 63 2. 65 


TABLE 46.—Analysis of commercial insect powder (1918 to 1924, inclusive) 


Composition 
Wumber 
Product of Lae 

samples Nitrogen, N Total ash} insoluble 

in HCl 

Per cent Per cent | Per cent 
Minimum. _-____- 1.04 5. 00 Trace. 
Unadulterateds pow derssncs ae ee ens 302 |{Maximum______ 2.07 8.77 2. 00 
A Vieragen = 2 1. 59 6. 97 -91 
Minimum.._____- . 62 3. 90 Trace. 
Naulteratedypow ders seen: Oe ee Ne ee 158 |{ Maximum___-___ 2. 02 13. 10 8. 28 
Average_________ 1. 48 7. 93 2. 00 


Of the 553 shipments of whole flowers (C. cinerarizfolium) ex- 
amined from 1918 to 1924, inclusive (Table 45), daisy flowers (C. 
leucanthemum) were found in only 8 cases and never in excess of 1 
as cent. In 5 samples a few flowers of the genus Anthemis were 
ound (a fraction of 1 per cent). Acid-insoluble ash in excess of 2 
per cent was found in only 1 case and in excess of 114 per cent in 
only 6 cases. 

f the 490 shipments of commercial insect powder examined from 
1918 to 1924, inclusive (Table 46), 158, or more than 32 per cent, 
were adulterated. Powdered daisy flowers were present in 41 sam- 
ples from a trace to more than 25 percent. Thirty-one samples con- 
tained too high a proportion of powdered insect flower stems, eight 
consisting entirely of powdered stems. (Samples labeled as con- 
taining stems are not included in the table.) Powdered turmeric, 
from a trace to more than 10 per cent, was found in 15 samples. 
Seventy-nine samples contained ash insoluble in hydrochloric acid 
in excess of 2 per cent, the maximum being 8.3 per cent. One sample 
contained more than 25 per cent of powdered foward of an unidenti- 
fied species; another contained a little cornstarch; and a third 
contained a small proportion of powdered eucalyptus leaf tissues. 

Samples have not been obtained from every importation of insect 
flowers nor from every interstate shipment of insect powder, but it is 
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reasonable to suppose that those examined are fairly representative. 
It is evident that a great many of the insect powders on the market 
have not been made from the flowers as imported and that adultera- 
- tion is being extensively practiced. 


ACTIVE PRINCIPLE OF INSECT POWDER 


PREVIOUS INVESTIGATIONS 


The earliest recorded investigation on the active insecticidal con- 
stituents of insect powder is that of Ragazzini (67), who used the 
powder from C. cinerarizfoluum and concluded that its narcotic 
action was due not to any one substance but to a mixture of sub- 
stances. 

In 18638, Heller and Kletzinsky (1/14) were reported to have found 
that genuine Persian insect powder contained no narcotic or alka- 
Joidal plant poisons or poisonous mineral substances, but only 
ethereal oil and santonin, as the active insecticidal constituents. 
Hanamann (1/4) concluded that Pyrethrum flowers contain no 
poisonous alkaloid or santonin, but mostly indifferent substances, 
and that only the ethereal oil in concentrated form can be harmful. 
He stated that genuine insect powder can have no harmful action on 
the human organism. 

Rother (2354), in 1876, recorded the results of tests on Pyrethrum, 
but did not indicate the species used. He proved the absence of 
alkaloids and stated that the active principle is a glucoside (persicin), 
which can be split up into glucose and an inert body (persiretin). 
He also isolated a yellowish, bitter resin (persicein). Later, Rother 
(235) stated that persicin is not a glucoside and that the glucose 
reaction is due to glucose or a gum preexisting in the powder. 

Jousset de Bellesme (62), in 1876, stated that the toxic principle of 

insect powder is entirely extracted by alcohol. He isolated the 
essential oil of Pyrethrum, and proved its harmlessness on insects. 
Submitting Pyrethrum to the treatment for extracting an alkaloid 
gave a crystallized principle ‘‘which enjoyed to a high degree the 
toxic properties of the plant.” His statements are not accom- 
panied by experimental proof. 

Semenoff (253), in 1877, obtained flowers of Pyrethrum, presum- 
ably P. roseum or carnewm, from Caucasia. Dried at 25° C., the 
flowers were as active against insects as commercial insect powder. 
An essential oil obtained by steam distillation proved to be inactive. 
Distillation in an alkaline solution gave a very small quantity of an 
alkaloid. By macerating 1 pound of the flowers with 5 pounds of 
ether for five days and evaporating the extract, a mixture of resin, 
oil, wax, and acids was obtained. On steam distillation it yielded 
an ethereal! oil that killed insects. ‘2 ine 

Hager (//1), in 1878, reported that the insecticidal activity of the 
flowers of P. carneum and roseum was due to two substances. One 

was a body similar to trimethylamin, which was found in the 
: flowers combined with an acid; the other was a resin found in the 
pollen grains. Hager obtained some of the first substance in combi- 
nation with hydrochloric acid, added to it some potassium hydroxid 
‘solution, and noticed that flies held over the mixture exhibited con- 
‘vulsive movements. ‘The resin when dusted on insects acted very 


ees ee ee ee ere. ee ee ie of 
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energetically. Solutions of the powder made with water or with 
dilute alcohol were found to be entirely inactive. 

Dal Sie (60), in 1879, claimed to have proven the presence of a free, 
easily volatilized acid which was found in the ethereal, alcoholic, or 
aqueous extracts of the powder. From the ether extract of the flowers 
he obtained not only a crystallizable acid, but also an aromatic 
smelling acid of oily consistency at ordinary temperature. From 
the alcoholic extract he obtained a resinous matter resembling a 
glucoside, probably the same as that found by Rother, since under 
the influence of dilute sulphuric acid it split up into sugar and another 
product. According to Dal Sie, smce the fumes which result from 
the incomplete combustion of imsect powder exhibit the toxicity 
of the original powder, the toxic principle must be volatile without 
decomposition, and the free volatile acid is, therefore, the most 
active constituent of Pyrethrum. 

Textor (272), 1881, as the result of his tests, stated that ‘‘the 
active principle of Persian insect powder is, in nature, a soft resin.” 
He pulverized (80-mesh) 114 ounces of whole flowers (species not 
indicated), and percolated the powder with benzine for six hours, 
using 6 fluid ounces. The benzine solution was evaporated, water was 
added, and the product was again evaporated to remove any volatile 
oil. The residue was treated with dilute acid and filtered. No alkaloid 
could be detected in the filtrate by phosphomolybdic acid, Mayer’s 
reagent, or a solution of iodin in potassium iodid. The benzine ex- 
tract, the benzine extract in alcohol precipitated by acid, and the benzine 
extract in caustic potash and precipitated by acid, were all poisonous 
to flies. The benzine extract in aicohol was acid to litmus. A test 
for essential oil was made by allowing the powder to stand in dilute 
salt solution for 24 hours and then distilling, but none was obtained. 

Hirschsohn (133), in 1890, found that alcohol, ether, chloroform, 
or benzine would dissolve the active principle of insect powder. 
The extract obtaimed with these solvents, when added to an inactive 
powder, e. g., powdered chamomile, produced a powder as active 
as the original insect powder before extraction. From the work 
of Hirschsohn, the active principle would appear to be nonvolatile, 
as he found samples of powder which had stood for five years in paper 
boxes still as active as fresh powder. Heated at 120° F. insect powder 
lost its odor, but was as active as ever against flies. To see if the 
active principle was acid in nature, he treated powder with alcoholic 
ammonia, also with alecholic potash, but after drying in the air the 
powder was as active as ever. Placed for 24 hours in water, the water 
became acid, but the powder after drying was still active. 

Gillette (96), in 1889, ‘arrived at the same conclusions as to the 
absence of toxic substances in the volatile oil of Pyrethrum. He 
made practical tests upon insects, operating as follows: | 

Two or three grams of the powder were first put in a test tube and the dust allowed 
to settle for a few minutes. Then a loose cotton plug was pushed halfway down 
in each, upon which were placed the insects, and the tubes were then tightly 
corked. Dipterons, ichneumons, chalecids, cynipids, and aphids were subjected 


to this treatment and allowed to remain for different lengths of time, varying from 
1 or 2 to 40 hours, without showing any signs of being affected by the volatile oil. 


To see if the toxic principle of Pyrethrum would come off at a 
higher temperature, Gillette made further tests: 


Two cynipids were then similarly inclosed in a tube with fresh powder and the 
lower end of the tube was held for 10 minutes in a dish of boiling water, the upper 
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end of the tube being kept cool with a wet cloth. The insects were allowed to 
remain for a few minutes after the boiling, but showed no signs of being affected 
by the treatment. 

Another tube was then prepared in which were confined other cynipids in a 
manner similar to the preceding, and the tube was held over the flame of an al- 
cohol lamp and constantly shaken until the powder was entirely browned, care 
being taken not to burn it. The insects were unhurt by this treatment. 

Then a quantity of powder was put in a tube and held in the flame of a lamp 
until the tube was filled with fumes. These fumes were poured over into another 
tube in which was an ichneumon, on which they took immediate effect and death 
ensued in a very few minutes. 

Next, three ichneumons were inclosed in separate tubes. One was shaken up 
with a small quantity of fresh Pyrethrum powder, one with a small quantity 
of the browned powder spoken of in the second preceding experiment, and one in 
a small quantity of the partially burned powder spoken of in the preceding 
experiment. In each case the insect was killed, the fresh and the browned articles 
acting alike, and the partially burned powder acting somewhat slower. 

Three grams of the powder were then put in about 90 cc. of water in a retort 
and boiled for one-half hour, the vapor being caught and condensed in a receiver. 
Soon after boiling began a slight odor was noticed escaping about the mouth of 
the receiver which the neck of the retort did not quite fill. A eynipid was en- 
tangled in a bit of cotton and crowded into the opening, where it remained for 
12 minutes without being affected. 

About one-half of the liquid was sent over in the above experiment, and the 
distillate was clear, colorless, and almost tasteless and odorless, there being a 
slight taste resembling steeped hay. The distillate and the residue were used to 
compare their insecticidal properties with one another and with fresh powder 
extracted in cold water for 24 hours. The results of these experiments were that the 
distillate used pure killed but a very small percentage of the lice treated and that 
the residue was as efficient as the same quantity of powder extracted in cold water. 


Gillette found that ether extracted all the insecticidal principle 
from Pyrethrum, as the extracted powder when dusted upon insects 
had no effect. The greater part of the ether extract would dissolve 
readily in water, and this water solution affected insects exactly as 
if they had been treated with Pyrethrum. 

Zuco (296), in 1889; made an ethereal extract of the flowers of 
Chrysanthemum cinerarizfolium. After repeated treatment of this with 
aqueous and alcoholic potash asubstance was left which formed yellow 
crystals and had a melting point of 70° to 100° F. After repeated 
recrystallization from cold ether a paraffin, C,;H3., of melting point 
64°, was obtained. This dissolved freely in ether, benzene, chloro- 
form, and moderately hot alcohol, but was almost insoluble in cold 
alcohol. The portion remaining in cold ether was recrystallized 
until the melting point was above 150°. Pure cholesterin was pre- 
pe from either the acetyl or benzoyl derivative of this substance 


by the action of alcoholic potash. The cholesterin thus obtained had 


a melting point of 183°; the melting point of its acetyl derivative 
was 223°, and that of the benzoyl derivative, 246°. It dissolved 
freely in ether, benzene, and chloroform, and sparingly in hot alcohol, 
and gave all the reactions for cholesterin. 

In 1890, Zuco (297, 298) obtained a glucoside and also an alkaloid 
from the flowers of Chrysanthemum cinerarizfolium. He described 
the glucoside as crystalline, but not enough was obtained for proper 
investigation. Later, Zuco (299) described the method he used in 
obtaining the alkaloid, called chrysanthemine, from Pyrethrum 
flowers. Ten kilograms of flowers was boiled in distilled water for 
two or three hours and filtered throughcloth. The residue was pressed 
and treated again in thesame manner. Theextracts were evaporated 
down to 30 liters, treated with neutral lead acetate and basic lead 


acetate, neutralized with soda, and filtered, the excess of lead being re- 
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moved by hydrogen sulphid. After filtration, the liquid was concen- — 


trated to about 2 liters, boiled for some time with dilute sulphuric 


acid, filtered again, and boiled until no more resinous matters were ~ 


formed. The liquid was then decolorized with animal black, and an 
excess of the double iodid of potasstum and bismuth added. This 
precipitated a heavy bright red crystalline powder. From this the 
alkaloid was obtained. According to Zuco this is a colorless sirup 
soluble in water and in alkalis and in ethyl and methyl alcohol, 
but not in ether, chloroform, or benzene. The base is described as 
being optically inactive and physiologically innocuous. The work 
of Zuco thus shows that the active insecticidal agent of Pyrethrum 
flowers is not alkaloidal in nature. 

Eymard (77), in 1890, distilled a mixture of insect powder with 3 
parts of water. The distillate was slightly opaline, held in suspen- 
sion a small quantity of “essence,’’ and presented a strong and 


characteristic odor of Pyrethrum flowers. Tested upon ants and © 


other insects, however, the distillate was found to have no effect, 
from which Eymard concludes that the essential oil is not the active 
insecticidal agent of insect powder. | 

An ether extract was made, deep yellow and strongly odorous. 
It gave up nothing to water, but was completely soluble in 95 per 
cent Hicakol and in alkalis. From alkaline solution it was precipi- 
tated by acid. From110 grams of insect powder Eymard obtained 
5.6 grams of ether extract. This was dissolved in alcohol and treated 
with silver nitrate, which precipitated the fatty acids as silver salts, 
while the silver resinates remained in solution. The ether extract 
was in this manner shown to consist of 3.8 grams fatty bodies and 
1.8 grams resinous matter. Insects placed upon a piece of paper 
impregnated with this resinous matter manifested extreme agitation 
and died in about 5 minutes. After exhaustion with ether, the 
insect powder was successively extracted with 95 per cent alcohol, 
cold distilled water, and boiling distilled water, but no toxic sub- 
stances were obtained. No alkaloids were detected. Eymard con- 
cludes that the toxic principle of Pyrethrum is found m the part 
soluble in ether, and more especially in the resm. However, it is his 
opinion that several factors unite in the réle of insecticide, as he found 
that the isolated active principle worked less actively than the 
original powder. : 

Schlagdenhauffen and Reeb (245), in 1890, distilled 250 grams of 
the flowers of Pyrethrum in a current of steam, collecting 750 grams 
of distillate. ter filtering through a wet filter, the distillate was 
extracted with ether and the ethereal solution was separated, filtered, 
and evaporated ata temperature not exceeding 30° C., A few drops 
of a green oil texic to insects were thus obtained. No alkaloid 


was present in the oil. The aqueous part was acid, but had no — 


injurious effect upon insects. The authors obtained an acid which 
was toxic to insects, by exhausting with alcohol acidulated with 
hydrochloric acid, drying, exhausting with ether, shaking the ethe- 


real solution with ammoniacal water, evaporating to dryness, again — 


taking up in water, and filtering. The filtrate contains the am- 
monium salt of the toxic acid. This acid was also obtained by 
extracting with alcohol, neutralizing exactly with a solution of 
potassium hydroxid, evaporating gently to dryness, taking up in 
water, filtering, and treating the filtrate with a solution of tartaric 
acid, and extracting the liberated acid with ether. This toxic acid 
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the authors call pyrethrotoxic acid. Injected into guinea pigs, this 
acid produced its action in two perfectly distinct stages. In the first, 
an excitation was produced, being more or less pronounced according 
to the proportion of matter administered; in the second stage, on 
the contrary, a complete prostration was produced, accompanied 
always with paralysis of the lower extremities. 

Thoms (275), 1890, extracted 10 kilograms of best ‘‘closed” 
Dalmatian flowers with 55° petroleum ether for seven days. Evap- 
orated wn vacuo, he obtained 230 grams of a greenish yellow extract 
which had the characteristic odor of insect powder. This extract 
contained many crystals and was of a waxy consistency. By solu- 
tion in alcohol and again evaporating, a yellow wax, melting point 
54°C., was obtained. By pouring the alcoholic solution into water 
and setting in the direct sunlight, a white wax, of melting point 
56.5°, was obtained. After separation of the waxy bodies from 
the solution a sugar (dextrose) was shown to be present. Al- 
together, Thoms succeeded in isolating from insect powder: (1) An 
essential oil, (2) a volatile acid, (3) a wax, (4) anonvolatile, potassium 
permanganate reducing, balsamlike acid, (5) chlorophyll, (6) colo- 
phonic acid, (7) tannic acid, (8) a body with alkaloidal properties, 
(9) a body with glucosidal properties, and (10) sugar. Thoms found 
the petroleum-ether extract and the essential oil to possess toxic 
properties, while the nonvolatile acid, the glucoside, and the other 
substances were harmless to insects. 

De Boisse (64), 1895, claimed that the active principle of Pyre- 
thrum cinerariefolium is a yellow resin soluble in sulphuric ether, in- 
soluble in water, and very slightly soluble in alcohol, carbon disulphid, 
and fatty bodies. Alkalis decompose it rapidly. The flowermg 
heads and leaves contain a good deal of this resin; the lower parts of 
the stems, very little. De Boisse gives no experimental proof for 
these statements. 

Durrant (73), in 1897, stated: ‘‘ The toxic properties of insect _pow- 
der are due to (1) a volatile oil amounting to 0.5 per cent in picked 
specimens of closed flowers and much less in open flowers; (2) a soft 
acid resinous body which is the principle source of the toxic effect. 
It is found to the amount of 4.8 per cent in selected closed flowers, 
less than 4 per cent in half-open dower and still less in flowers that 
are fully open; the whole plant apart from the flowers contains mere 
traces of resin.” 

Gerard (93), 1898, stated that the active principle of Pyrethrum 
consists of an oleo-resin and an essential oil. These are found prin- 
cipally in the bracts and around the ovaries of the flowers, com- 
paratively little being present in the corollas. 

Sato (236, 237), as a result of work done in 1905-1907, reports the 
isolation of a light-yellow, odorless, transparent, sirupy resin from 
Pyrethrum flowers, which he calls pyretol. At first this is tasteless, 
‘but later has a benumbing effect. 1t is insoluble in water and dilute 
acids, and soluble in alcohol, ether, and petroleum ether. It is 
soluble in hot alkaline solutions, but when precipitated from such 
solutions by acids the resin becomes completely inactive. 

Fujitani (89), in 1909, conducted an elaborate research on the flow- 
ers of Chrysanthemum cinerarizfolium, using flowers cultivated in 
__ the provinces of Ki-i and Mikawa, Japan. The flowers were ground 

and the powder soaked for one week in 95 per cent alcohol at room 
temperature. The alcohol was distilled off, leaving an extract of a 
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greenish-brown color and a characteristic odor of insect powder, and 
quite toxic to insects. The yield was about 10 percent. The alcohol 
extract was shaken up with water until entirely free from water- 
soluble substances. The residue was then dissolved in ether, the 
part insoluble in ether being treated with potassium hydroxid solu- 
tion, and this then shaken out with ether. The deep-green ethereal 
solution was freed of chlorophyll, etc., by shaking with 10 per cent 
caustic-potash solution until the dark green turned to a yellow brown 
and the alkaline solution was entirely colorless. The ether solution 
was then shaken out once with dilute sulphuric acid, then with water, 
and finally the ether was distilled off. This left a clear, yellow-brown 
mass which gave a neutral reaction and had a sharp and bitter taste 
and the characteristic odor of insect powder. The yield of this material 
was 1.4 per cent of the original material. For further purification 
the substance was dissolved in a little ether mixed with a large 
amount of petroleum ether, filtered, warmed with the animal charcoal, 
and again filtered, and the petroleum ether then evaporated. A 
yellow sirupy mass was left, which had only a feeble odor, and a 
taste bitter at first and then intensely sharp. It gave a neutral 
reaction, was soluble in alcohol, ether, etc., but was imsoluble in 
water, acids, and alkalis. It contained no nitrogen. This substance, 
which seems to be an ester, Fujitani calls pyrethron, and it is, accord- 
ing to him, the active insecticidal principle of Pyrethrum. Pyre- 
thron decomposes even on standing, yielding pyrethrol, which ap- 
pears to have the formula C,, H3,O. Tested upon different animals, 
pyrethron showed an action similar to that of veratrine. Fish and 
insects were very susceptible but protozoa very tolerant. On warm- 
blooded animals it caused epileptiform convulsions, increased blood 
pressure, and increased breathing movements. 

Reeb (214), 1909, criticized Fujitani’s work, arguing that treat- 
ment of the alcoholic extract with such powerful reagents as 10 per 
cent solution of potassium hydroxid and sulphuric acid might change 
bodies dissolved in the alcohol. Therefore it is not certain that the 
final product obtained by Fujitani, although toxic, is the real active 
preexisting principle. Reeb extracted Dalmatian insect powder 
with petroleum ether (specific gravity, 0.670). The petrolic liquids 
were filtered and evaporated, leaving a soft residue which represented 
3.5 per cent of the powder employed. This was treated with suc- 
cessive quantities of hot alcohol in the presence of a little animal 
charcoal. The alcoholic solutions were filtered and allowed to stand 
about a month, at the end of which time a resin (melting point, 125° 
C.) had deposited. This resin Reeb calls pyrethresine. From the alco- 
holic solution Reeb separates pyrethrotoxic acid by evaporating to 
dryness, taking up in acetone, adding barium carbonate, evaporat- 
ing to dryness, taking up in water, decomposing with sulphuric acid, 
and shaking out with ether, which upon evaporation leaves the pyre- 
throtoxic acid. From this work, therefore, Reeb verifies the work of 
himself and Schlagdenhauffen. According to Reeb, the toxic prin- 
ciple of insect powder is an acid called pyrethrotoxic acid, which pre- 
exists in the free state in the flowers of Pyrethrum. 

In 1912 Yoshimura and Trier (295) published the results of their 
work upon the closed flowers of C. cinerarizfolium in search of 
betains. From 1 kilogram of air-dried powder they obtained .0.2 
gram cholin and 0.8 gram stachydrin, both calculated as hydro- 
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chlorids. They made no tests as to the insecticidal action of these 
substances, but they are probably inert. 

Siedler (258), 1915, distilled 30 kilograms of half-closed flowers 
with dry steam, extracted the distillate with ether, and thus obtained 
a salvelike mass of strong characteristic odor. The yield was 20.212 
grams, or 0.067 per cent of the original material. Spread on un- 
glazed porcelain, all was absorbed but 0.789 gram. By fractional 
recrystallization from aqueous alcohol two bodies were obtained from 
this unabsorbed portion: (1) Fine needles, melting point 54-56° C.; 
and (2) fine plates, melting point 58-60°. Recrystallized from 
absolute alcohol this substance had a melting point of 62°. Ele- 
mentary analysis of (1) showed it to correspond closely to the formula 
CyH3. Analysis of (2) showed a formula approximating palmitic 
acid. The material absorbed by the porous plate was extracted with 
ether, and this concentrated solution mixed with 2 parts ether and 
1 part alcohol. By extraction with sodium bisulphite solution, 0.049 
gram of material was obtained of an aromatic odor, but without 
effect upon insects. By extraction with 2 per cent potassium hydroxid 
solution, 3.156 grams of material was isolated. No test for phenol 
could be obtained. An acid of butyric odor was obtained, but it 
was inert toward insects. Other tests, such as distillation of the 
material under reduced pressure, are recorded by Siedler, but nothing 
possessing insecticidal action could be isolated. 

Kvidently, then, a number of investigations on the nature of the 
active insecticidal principle of Pyrethrum had been carried out 
before 1916, but the results vary greatly. Table 47 gives a brief 
summary of these results. 


TABLE 47.—Summary of investigations on active insecticidal principle of Pyrethrum, 
1854 to 1915 


| 
Bibliog- | Speci : er : 
: ecies of Pyrethrum Active principle considered 

Year Investigator raphy P 

reference | used to be— 
1854 | Ragazzini (de Visiani) ---- 67 | Cinerarizfoliwm____----_- A mixture of substances, nature 

not determined. 
1863 | Heller & Kletzinsky 14S RosewmN Gs =2 FS Se re eS An essential oil and santonin. 
(Hanamann). pie A ora: 
1863 | Hanamann_-_-_-____-------- 118, eee domseehs SETS S 2 | An essential oil, “‘persicin. 
eovorisounenrs ee) = 22 le ee fP284- Osha C2) hao peek en 2 ee ee dove : 
1876 | De Bellesme_------------- Sy Co) ee age ee A “crystallized principle. 
WSivaesemenon.. 2-5 2-2 =.= 253) i eResewm: Gb) 435-2. ht 4 An essential oil. 
Heise Phare se wee tee 111 | Rosewm and Carneuwm | A resin ahd an amin. 
[AVC RED GL SST ee ae ene 60 | (2) eer Vp rye A free volatile acid. 
Hee OX COR So ee ZA) Ss Bae Se ee A soft resin. 
PRO u ee uleties: = wot Sake | OG |. Cet ete Te EP ESSE Se Soluble in ether. 
1889- 296, 297 > Isolated a paraffin, a phytosterol, 
ie » <¥(> |S Cinerarizfolium__..-----|; an alkaloid, and a glucoside, 
1894 jZsc0 Supe SS: { 298, 299 } but all were inert. 
1890 | Hirschsohn—=--==---.---=-- 133;4|aesewmny Gi) ss Ae 8 Not acid and not volatile. 
18908) “Wrymaard j=. 2-22 — -2--- =. is) yee es ee Principally a resin. 
1890 | Schlagdenhauffen and 245 | Cinerarizfolium--_-_---_-- ““Pyrethrotoxic acid.”’ 
Reeb. ea: 

OG Mahms: cesses Sa TA TIN eee Ot ts = 22 ntt ) eae: An essential oil. 
TSOps ese OIsse ses as = oe 642122 C02 Se A resin. ; ; 
eG 7ol- Durrania = 2 -5)==——-——5- = (Ail see GOs. ims oS A resin and volatile oil. 
WRORE{ GerakGee= t= oS OS }eses— 2 (0 feat See fee Eee An oleoresin and volatile oil. 
1905 STL ae ee PEG 237s dots---=2: epee _| A sirupy- resin; “‘pyretol:” 
aoe iarhanls ee SOA 5 = 6 (0 ae ane Sa ce An ester, “‘pyrethron.”’ 
1909 | Reeb aio ee ae PAY: eS GO) SR ee ees “‘Pyrethrotoxic acid.” _ 
1912 Yoshimura and Trier____- 205) 8 8 (3 (0) 2 eres Bre § SR TS Cholin and stachydrin (inert). 
fO5: SleGgleps = sees) a kats DAS: a ee othe ee ap eee Nothing definite. 
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In 1918 Yamamoto (S31) obtained a preparation of the active 
principles of C. cinerarizfolium of Japanese origin in a state of purity 
probably surpassing anything previously reported. He extracted the 
finely powdered flowers with ether and removed the acid constituents 
from the partially evaporated extract by 2 per cent caustic soda. 
The ether was then evaporated and the residue treated with 90 per 
cent alcohol. This treatment removed a waxy substance. The 
alcohol was then evaporated in vacuum, and the resulting yellow sirup 
obtained was taken up in light petroleum ether. Evaporation of the 
solvent left a light-colored oil, which corresponded to about 0.8 per 
cent of the powder. This material contained no nitrogen and was 
soluble in organic solvents but insoluble in water. It consisted largely 
of an ester, and its iodin value showed that it contained a highly 
unsaturated compound. Upon treatment with alcoholic potash at 
room temperature it lost its insecticidal power. Its toxic character 
was also reduced by heating and long exposure to the air. The 
preparation, which could not be further purified, is probably prac- 
tically the same as Fujitani’s ‘‘Pyrethron.” It was highly toxic to 
flies but had no effect on dogs when introduced into the stomach. 

Upon saponification with alcoholic potash solution in the cold, 
evaporating the alcohol, diluting with water, and extraction with 
ether, the material gave a mass of crystals and an oily substance. 
Most of the crystalline material consisted of an alcohol with a melt- 
ing point of 199° C. and the formula C.,H;,0. Its acetyl compound 
melted at 222-230°. Several other alcchols were isolated, but 
Yamamoto believes that they are impure and consist largely of the 
higher melting compound. The alcohol was not toxic to insects. 

The products of saponification of the pyrethron gave an acid frac- 
tion in a 50 per cent yield. This acid mixture was esterified with 
alcohol and hydrochloric acid and the ester was separated by distilla- 
tion into several fractions. From the lower boiling fractions (77-115°, 
1 mm.) a liquid acid (‘‘pyrethronic acid”), having the formula 
C,,His0. and one double bond, was obtained. From the higher 
boiling ester fraction (113-179° C., 1 mm.) a solid acid, identified as 
palmitic acid, was obtained. 

Later work by Yamamoto (S32) established the formula C,.H,,.O, 
for pyrethronic acid. Reducing the acid with hydrogen in the 
presence of platinum black gave the saturated dihydropyrethronic 
acid, represented by the formula C,,His0.. Several salts and deriva- 
tives of this acid were prepared and analyzed. 

Dihydroxypyrethronic acid was prepared by partial oxidation of 
pyrethronic acid with permanganate. This compound was further 
oxidized by potassium dichromate to a dibasic acid, which was shown 
to be identical with transcaronic acid. The same dibasic acid was 
obtained by oxidation of pyrethronic acid with ozone. Yamamoto 
believed that he had identified propionic aldehyde as a second oxida- 
tion product and deduced the following formula for pyrethronic acid: 


Z(CHs)2 
HOOCC——CHCH=CHOoH; 
H 


When pyrethronic acid was reesterified with the crude material 
containing the alechol component from the saponification of pyre- 
thron, the insecticidal properties of the product were regenerated. 
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The crystalline alcohol pyrethrol first obtained by Fujitani (89) 
and described by Yamamoto (S3/) was not toxic, nor could a toxic 
product be prepared by combining it with pyrethronic acid. The 
results of Yamamoto’s work indicated that pyrethronic acid is one 
of the components of the active principle of insect powder. 

More recently Yamamoto (S33) has described his work on the 
products of dry distillation of C. cinerariefolium. The material was 
distilled at a temperature of 260° to 280° C. About one liter of 
distillate was obtained from 3,500 grams of the powdered flowers. 
The distillate gave an acid reaction and from it were isolated acetic 
and propionic acids, acetic and propionic aldehydes, methyl, trime- 
thyl, butyl, and amyl amines, pyridine, and a higher homologue of 

yridine whose picrate melted at 84°. These acids and bases seem to 
ie present in the combined form in the flowers. | 

A study was made of the insecticidal properties of homologous 
acids, esters, and bases. Of the common fatty acids, formic was 
the most toxic. Butyl amine showed the greatest toxicity of the 
monoalkyl amines. In general, the tertiary amines, especially ter- 
tiary amyl amine, were the most effective. The insecticidal power 
increased with the molecular weight among the amines having boil- 


— ing points below 80°. 


Abbott (S71), Chevalier (S83), Chevalier and Dantony (S84), Cheva- 
lier and Mercier (S5), Costa (S7, SS), Gattefossé (S75), Juillet (S17, 
S18, S19, S20), and Zeigler (S34) have also studied the active con- 
stituents of insect powder. 


EXPERIMENTAL WORK 


Work Done 1n 19177 


Preliminary tests —The coarsely powdered flowers, subjected to 
steam distillation, yielded 0.28 per cent of a fragrant oil. This 
had an odor somewhat like that of rosemary oil and like the char- 
acteristic Pyrethrum odor. The quantity obtained was too small to 
permit a chemical examination. Tested against flies, this oil had 
only slight repelling properties, and did not show the characteristic 
effects of Pyrethrum powder. A steam distillation of the flowers in 
the presence of sodium hydroxid yielded only 0.15 per cent of an 
oil which had a disagreeable odor. Careful tests for alkaloids in 
the distillate gave negative results. A steam distillation of the 
flowers in the presence of a little sulphuric acid yielded 0.16 per cent 
of an oil which lacked the characteristic odor of Pyrethrum. Tested 
against flies, the oils from the alkaline and acid steam distillations 
had even less effect than that obtained in a straight steam distilla- 
tion. ‘These experiments indicate that the substance, or substances, 
in Pyrethrum which cause its characteristic effect upon insects are 
not removed by steam distillation in neutral, alkaline, or acid solu- 
tions. 

After being subjected to steam distillation in neutral solution, the 
flowers were dried and tested upon roaches. They were as active 
as before treatment, showing that treatment with steam does not 


~ decompose the insecticidal principle. 


To test the action of dilute acid and alkaline solutions upon 


‘insect flowers, 50 grams of the coarsely powdered material was 


“\ 


on as! 


PS ee a 
7 Conducted by R. C. Roark. 
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treated with 500 cc. of solution for 24 hours, stirred occasionally, 
then filtered off, and dried at room temperature. The residual 
powder, after treatment with 1 per cent hydrochloric acid (HCl), 
1 per cent acetic acid (CH;COOH), 1 per cent ammonium hydroxid 
(NH,OH), or distilled water, was apparently as active as ever 
(tested against roaches), but after extraction with 1 per cent potas- 
sium hydroxid (KOH) the powder was entirely inert. These tests 
show that the active principle is soluble in dilute potassium 
hydroxid or else is rendered inert by it, but is insoluble in, or 
unaffected by water, dilute acids, or dilute ammonium hydroxid. 

Heated at 107° C. for 17 days, the powder took on a markedly 
reddish color. All characteristic odor disappeared after about three 
days’ heating. At the end of the 17-day period the powder was 
tested upon roaches and found to be entirely inert. Heated in a 
vacuum oven at the temperature of boiling water for 14 hours, the 
powder completely lost its characteristic odor, but was still active 
against roaches. This again indicates that the essential oil does 
not contain the characteristically acting insecticidal principle. 

Different portions of the powder were dried over sulphuric acid 
and solid sodium hydroxid in desiccators in vacuo for 12 days. At 
the end of this time the powders had lost a great portion of their odor 
but were still active against roaches. 

The following tests were made on 300 grams of powder to see 
what amount of extract different solvents would remove when used 
one after the other in a Soxhlet extraction apparatus. The succes- 
on used was petroleum ether, chloroform, acetone, and 95 per cent 
alcohol: 


Solvent Extract 
Per cent 

‘Petroleum’ ether 22 2e fee ses a es EN ENS | Ee EN ES SA eee Eee i 
@hloroform: 23°. t. sae Jae er ae tee cl es 8 pe Eee AR we Be et ee ee ee 5.0 
NCOUON GES ate ad te eee i eae REN ee ea Se BE a ee be ee oe 6.2 
7X1 (G0) 0 (0) OE ee ee A eee A eats Pee SO ON. eee SOE ese oe ipees = BER eae gs SOs eile ee eels Se 9.0 
MPO tale: ee tee ahs 2 ee PR A BSS DETER RCE RUA REDS NEY pee NRA, 23.6 


Fifty-gram portions of coarsely powdered material (made from 
partially open flowers) were then completely extracted in a Soxhlet 
extraction apparatus by various organic solvents. The object of 
these extractions was to determine what solvents would remove the 
active principle and at the same time extract as little as possible of 
the other substances. In nearly all cases a quantity of resinous 
material separated from solution after the extraction had been run- 
ning for some time. ‘This resinous material, which would not go 
into solution, even when treated with large quantities of the solvent, 
apparently resulted from the polymerization of unstable terpenelike 
substances extracted by the solvent, a polymerization probably 
induced by the heat of the boiling solvent. 

After extraction the material was tested on roaches, ants, and other 
insects by the entomologists of the Bureau of Entomology, of this 
department, at the testing laboratory in Vienna, Va. In all cases 
the extracted material was entirely inert when tested against these. 


insects, showing that each solvent used completely removes the | 


insecticidal principle. ; 


| 
| 
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Table 48 shows the solvents used, the total amount of extracted 
material removed by each solvent, and the amount of insoluble resin 
‘ separating out in each case. 


TaBLE 48.—Amount of material extracted by various solvents from the flowers of 
C. cinerarizfolium (sample No. 26962) 


| 


Total | Insoluble 
Solvent extract resin 
Per cent | Per cent 
(CIN Ngan s os See SS ee ee ae eS i eee are ae ee Bs 5 ee a . 93 0. 04 
EEN OH Gbe UAE OLI Oe ces re Ee ge ad wine tgs eg rad pa eg 6. 51 . 80 
eee sncrawen sae ye heret heated: Poirait “PF Pr rere re eee VI Pe ct 7.85 .77 
IRCbEOICRNTReL Nera ere eaten EP TAS Sere eS re bee ee } oad ay 
Carbon disulphide. — ee a bE Si a «bs ne Shere BANE) 2 I aE ae ee 4, 57 . 62 
HRs alegnio les see eer ean en 3S Cee a oe ne hae Se ee, he OE NE we 28. 78 11. 38 
Bib ylal con Ole GQ DSONALC rsa es see Oh ee ee Se 19.18 1a 
Mi hyikatconel Gospencanbye. cs k ee be) ee y ees es PUP ee PP eee a Lr ey 30. 91 4.18 
JCD IC INES eee Be Bee Oe eS ae ee ae ee Ek eek ee eee © RR ee eae eee a See 16. 66 2. 20 
LeGGhT7G) be he SO Bes 28 Bay BEE ee 28 Re a nee nS ne A nl ei a Ce 5. 74 : 


No insoluble resin is formed in extracting with benzol, and only 
a trace with chloroform. The large amount of insoluble extract in 
the case of methyl alcohol is explained by the fact that the solution 
went nearly to dryness through loss of the solvent by evaporation. 

In view of the fact that all the solvents completely removed the 
insecticidal principle, as shown by practical tests, and petroleum 
ether extracted the smallest amount of material, it was decided to 
use petroleum ether as the solvent in further work and to use a perco- 
lator in making the extractions, to avoid heating the material in 
solution. 

For the percolation a quantity of the highest grade closed Japanese 
insect “flowers procurable was coarsely powdered, packed in a glass 
percolator and macerated with the solvent for 48 hours. The percola- 
tion was then allowed to proceed slowly, the solution being drawn 
off at the rate of about 1 drop a second. The beautiful slightly 
greenish-yellow solution obtained was placed in large glass crystal- 
lizing dishes, and the solvent allowed to evaporate at room tempera- 
ture in a current of air. The residue was partly solid and partly 
an oily liquid, at ordinary temperature, of a reddish-yellow color, 
and had a strong characteristic odor. Nothing crystalline was ob- 
served in this residue. Careful tests showed that it did not contain 
any nitrogen. : 

Procedure 1.—¥or further separation of the materials present in 
this residue, the entire material extracted by the petroleum ether was 
saponified by boiling with alcoholic eee (22 grams of potassium 
hydroxid and 600 cc. 95 per cent alcohol to 32 grams of extract). 
The boiling was continued for 75 minutes, the alcohol removed by 
_ evaporation on the steam bath, the residue taken up in water, and 
the alkaline solution extracted with ether. The ethereal extracts, 
which were of a beautiful reddish-yellow color, were combined, washed 
with a little water, dried over calcium chlorid, and the ether removed 
_ by evaporation at room temperature in a current of air. A mass of 
_ reddish-yellow powder was left. On recrystallizing this powder from 
alcohol, the first recrystallization removed all of the red color, and 
the second all but a trace of the yellow color, leaving crystals of a 
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very pale yellow. The melting poimt of these crystals (167° to 168°) 
and tests for a phytosterol showed it to be a phytosterol-like sub- 
stance. Tested upon insects (roaches, ants, and aphides), it proved to 
be inert. 

The mother liquors from the recrystallizations were evaporated to 
dryness in a vacuum desiccator over sulphuric acid. More of the 
phytosterol-like substance was obtained, but nothing else. This 
was also found to be inert against the insects mentioned. The insecti- 
cidal principle of Pyrethrum flowers is not, therefore, in the non- 
saponifiable portion of the petroleum-ether extract. | | 

The solution from the saponification after extraction with ether 
was made slightly acid with sulphuric acid, and again extracted with 
ether. These extracts were very dark red, almost black. After 
washing with a little water, drying over calcium chlorid, and 
evaporating the ether at room temperature in a current of air a sticky 
resin was left. Special tests were made for phenols in this material, 
but the results were negative. Tests on small portions with various. 
solvents failed to yield any crystalline product. 

The whole of the saponifiable portion was then dissolved in U. S. 
P. ether, and about twice its volume of petroleum ether added. This 
precipitated a very dark, sticky resin, which was filtered off. Tested 
upon aphides, this resin proved to be inert. 

The filtrate from this resin, which contained the fatty acids, was 
evaporated to dryness, leaving a soft, yellowish, oily, sour-smelling 
residue. This material was shown to contain acetic and other fatty 
acids, together with a pungent-tasting oily substance, which was pres- 
ent in too small a quantity for further investigation. When sprayed 
upon aphides feeding on nasturtium plants, the fatty acids injured 
the leaves of the plants, but the aphides were unafiected. 

These tests show that saponification with alcoholic potash pro- 
duces a chemical change which destroys entirely the insecticidal 
action of the material. That saponification with alcoholic potash 
effects chemical decomposition in some of the compounds present is 
also shown by the fact that petroleum ether added to the U. S. P. 
ether solution of the saponifiable portion precipitates a resin, whereas 
all the material before saponification was soluble in petroleum ether. 

Procedure 2.—Since saponification with alcoholic potash destroys 
the insecticidal action of the material extracted by petroleum ether, 
another procedure was adopted. A petroleum-ether extract was 
obtained as before, evaporated to dryness, and taken up in U. S. P. 
ether. This ethereal solution was successively extracted with aqueous 
solutions of ammonium carbonate, sodium carbonate, and sodium 
hydroxid made up on the basis of 10 grams of salt to 100 cc. of solu- 
tion. The ammonium carbonate solution assumed a light yellow 
color when shaken with the ethereal solution of the extract. Emul- 
sions which were difficult to separate formed. After repeatedly ex- 
tracting with ammonium carbonate and washing with water, the 
ethereal solution was separated and reserved for the sodium ear- 
bonate extraction. 

The ammonium carponate solution was made acid with sulphuric 
acid and shaken with ether, which slowly and apparently incom- 
pletely took out the yellow color. On evaporating this ether extract 
to dryness, after washing and drying over calcium chlorid, a few 
greenish-yellow, oily, sticky drops were left. From 1,920 grams of 
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powdered flowers only 0.345 gram of material was thus obtained. 
This quantity was too small for purification and chemical testing, and 
was, therefore, used for testing on insects. It was dissolved in about 
50 cc. of 95 per cent alcohol, diluted with an equal quantity of water, 
and sprayed on nasturtium plants which were infested with aphides. 
From 75 to 80 per cent of the aphides were killed. In check tests 
with 50 per cent alcohol no aphides were killed. 

The aqueous solution of sodium carbonate removed a noticeable 
quantity of a brownish-yellow material, which was obtained as a 
sticky mass after acidifying and extracting with ether. Tested 
against aphides in the same way, the material proved to be very ac- 
tive, killing 100 per cent. Extraction with sodium hydroxid solu- 
tion removed a quantity of chlorophyll and also some of the insec- 
ticidal constituents. About 80 per cent of the aphides sprayed with 
an aqueous alcoholic emulsion of the extracted material were killed. 
On evaporating the ethereal solution of the original petroleum-ether 
extract after the successive extractions with aqueous ammonium 
carbonate, sodium carbonate, and sodium hydroxid, a strong red- 
dish-orange pasty material was left. Tested on aphides, this material 
likewise exhibited marked insecticidal power, killing about 90 per 
cent of the insects. 

These tests show that the active principle can not be wholly acidic 
or phenolic; otherwise all would have been extracted by the aqueous 
sodium hydroxid solution. 

Procedure 8—The petroleum-ether percolate was not evaporated 
to dryness, but was first extracted with a saturated aqueous solution 
of sodium bisulphite to remove aldehydes, if present, and then with 
1 per cent sodium hydroxid. 

Acidifying the sodium bisulphite extract with sulphuric acid, ex- 
tracting with ether, and evaporating to dryness, gave a trace of a 
sticky varnish. This had a pleasant odor, gave a somewhat indefi- 
nite test for aldehydes, and appeared to be a polymerization product. 
Too little was obtained for satisfactory testing. Apparently, how- 
ever, a very small quantity of aldehyde is present in the petroleum- 
ether extract of insect flowers. The sodium hydroxid extract con- 
tained some chlorophyll, and in other respects closely resembled the 
sodium carbonate and sodium hydroxid extracts obtained in pro- 
cedure 2. 

The residual petroleum-ether solution, evaporated to dryness, after 
successive treatments with the bisulphite and hydroxid of sodium, 
left a sirupy, reddish material similar to the residue obtained in 
procedure 2. St 

Identification tests on the materials isolated in procedures 1, 2, and 3.— 
The extracts were subjected to several special tests as outlined in 
Mulliken’s ‘‘Identification of Pure Organic Compounds”’ and other 
standard works. Theresults showed that the petroleum-ether extract 
of the flowers of ©. cinerarizfolium, which completely removes all 
substances of insecticidal action, contains no phenols and no nitrogen- 
bearing compound, but that it consists largely of an ester or esters, 
together with a trace of aldehyde and a quantity of free acids. 

These results harmonize some of the discrepant conclusions reached 
by the previous investigators, especially Schlagdenhauffen and Reeb, 
who claimed that the active principle 1s an acid, to which they gave 
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the name of pyrethrotoxic acid, and Fujitani, who claimed that it is a 
neutral ester, which he named pyrethron. 
Work DoneE FRom 19238 To 19248 
In 1923 work on Pyrethrum was resumed with the object of 


isolating the active principle in pure condition. About 2 kilos of a 


coarse powder ground from whole Dalmatian flowers was extracted 
in a glass percolator, using petroleum ether boiling between 20° and 
45° C. as the solvent. Decidedly less extracted material was ob- 
tained when light petroleum-ether was used (about 1.8 to 2.5 per 
cent). The oily product obtained by evaporating off the solvent 
was poured into a large volume of 95 per cent alcohol, which caused 
the precipitation of a waxy material. The alcoholic solution was 
allowed to stand in the cold room at a temperature of about —5° C. 
for 24 hours, which caused the separation of more fats and waxes. 
The solution was filtered in the cold and the alcohol evaporated in 
vacuum. The resulting thick sirup was subjected to distillation in 
a vacuum of 1 to 2 millimeters, using small quantities of material for 
each distillation. Foaming caused some trouble, but careful opera- 
tion made it possible to distil over about 20 per cent of the material. 
The distillate was collected between 100° and 190° C. The tem- 
perature of the oil bath ranged from 140° to 230° C. The distillate 
was a light yellow oil, which partly solidified on cooling to a mass of 
about the consistency of butter. 

By direct saponification of this crude distillate with alcholic potash, 
the pyrethronic acid of Yamamoto (S32) was obtained and converted 
into the dihydroxy acid, which was recrystallized from a mixture of 
acetic ether and petroleum ether. It melted at 146°-147° C., and 
the analytical results agreed with those reported by Yamamoto. 

In order to remove the free acids, the crude distillate was dissolved 
in alcohol and treated with a solution of lead acetate. This gave the 
lead salt of an acid, from which the free acid was isolated and purified 
by recrystallization from alcohol. It was identified as palmitic acid. 

The alcoholic solution was evaporated, the residue taken up in 
ether and extracted with water, and the solvent evaporated. In 
later experiments the first distillates were dissolved in ether and 
extracted with dilute alkali and the ethereal solutions were dried with 
sodium sulphate. The residue from the ethereal solution was sub- 
jected to repeated fractionation in a vaccum of about 2 millimeters. 
The material distilling up to 150° C. was discarded and the main 
portion of the distillate boiling between 150° and 166° was collected 
separately and again distilled. The product boiling between 153° 
and 166° was analyzed, with the following results: Carbon, 74.20 
pe cent; hydrogen, 9.26 per cent; molecular weight, 293 by the 

reezing method; density at 20° C., —12.84°. Several preparations 
obtained by this method and analyzed showed only slight deviations 
from the values given. From the analytical figures the formula 
C,sH,,O0, was calculated. Determinations of the molecular weight 
by saponification, however, showed a slightly higher value than that 
found by the freezing point method, indicating the presence of 5 
to 10 per cent of unsaponifiable material. Different preparations 
and different fractions of the same preparation taken at only slightly 
different temperatures also showed varying refractive index values. 


8 Conducted by F. B. LaForge. 
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These results indicated that the material, although very nearly 
ure, was contaminated with other compounds of about the same 
aie point as the toxicsubstance. The yields of redistilled material 
generally represented 0.1 to 0.15 per cent of the powder. 
The preparations were highly toxic to Aphis rumicis, killing the 
insects in dilution up to 1 to 10,000.° 
Great difficulties were encountered in attempting to isolate the 
products of saponification of the material in the case of the alcoholic 
component, which seemed to decompose under all conditions. 
ile this phase of the work was in progress, a series of 10 articles 
on the toxic principles of insect powder was published by Staudinger 
and Ruzicka (S28). Had these articles, describing results obtained 
from 1910 to 1916, appeared before the bureau’s investigations were 
begun, all this work on the constitution of the active principles 
of Pyrethrum would have been unnecessary: These investigators 
had isolated the toxic principles and had practically solved the 
problem of their chemical nature. 
Staudinger and Ruzicka used the following method: The powdered 
flowers were extracted with light petroleum ether. The extract was 
evaporated and the residue was extracted repeatedly with methyl 
alcohol, which removed the toxic substances, together with fatty acids 
and other impurities. By strongly chilling the alcoholic solution, a 
large part of the impurities was removed. The methyl alcohol was 
expelled and the residue taken up with petroleum ether. Fatty acids 
were extracted from the solution by shaking with potassium carbonate 
solution and transforming the potassium soaps into calcium soaps by 


_ addition of calcium chlorid. This treatment was necessary in order 


to avoid the formation of emulsions. The petroleum ether solution 
was evaporated and the residue extracted with methyl! alcohol, which 
solvent was in turn removed and the resulting product again dissolved 
in petroleum ether and the solution once more treated with potassium 
carbonate solution. Upon evaporation of the solvent, a crude 
product was obtained in quantity corresponding to 0.47 per cent of 
the powder. This consisted of about 50 per cent of the active sub- 
stances. By distillation of this crude product in a high vacuum, a 
highly active oil was obtained. It was not possible, even by repeated 
distillation, to completely purify the material, however. ‘Treating 
the distilled material with semicarbazid in methyl! alcohol gave a semi- 
carbazone, which could be recrystallized and thus prepared in nearly 
pure condition. By hydrolysis with oxalic acid, a practically pure 
compound was prepared. This compound, represented by the formula 
C,, H,,O;, was named pyrethrin I. It is an ester of a ketone-alcohol 
and is highly toxic to insects. Thesemicarbazone can be hydrolyzed 
with methyl alcoholic-sodium hydroxid into the semicarbazone of the 
ketone-alcohol and an acid. 

The acid which Staudinger and Ruzicka named chrysanthemum 
acid is the same as the pyrethronic acid of Yamamoto, and its con- 
stitution was determined by oxidation to transcaronic acid and ace- 
tone by means of ozone. It is represented by the structural formula 


(CH;)) C-CHCH=C(CH3)2 
NT 
_ 
COOH 


9 Toxicity tests were conducted by C. H. Richardson, Bureau of Entomology. 
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This formula was confirmed by synthesis of the racemic form. 
The semicarbazone of the ketone-alcohol is best hydrolyzed by long 
shaking in benzol solution with an aqueous solution of potassium 
bisulphate. The free alcohol can then be purified by distillation in a 
high vacuum. It has been named pyrethrolon. 

The constitution of this ketone-alcohol was werked out from its 
products of oxidation and reduction and by synthesis of the fully 
reduced tetrahydropyrethron obtained by reduction with hydrogen in 
the presence of platinum black. Tetrahydropyrethron was shown to 
have the formula 


and pyrethrolon the formula 
CH3 
H 
ay aang 
HC CHCE:CH=C=CH(CHi)s 
HOHC——CO 


The acid chlorid was prepared from chrysanthemum acid and 
combined with pyrethrolon to form pyrethrn I. Although neither 
the acid nor the alcohol showed any toxic properties, the resyn- 
thetized ester showed the same toxicity as the original pyrethrin. 
Thus pyrethrin I may be represented by the formula 


CH3 


ABN 
a CHCH2»CH=C=CH(CHz3): 
Co 
| 
| 


CO 
CHCH=C(CBHs3)2 
OCOCH 
C(CHs3)2 


Treating the crude undistilled oil with semicarbazid gave an 
impure mixture of two semicarbazones, which it was not practical 
to separate. The mixture was therefore saponified with methyl 
alecholic-sodium hydroxid solution, by which treatment pyrethrolon 
semicarbazid, together with a mixture of acids, was obtained. More 
of these products was obtained by saponification of mother liquor 
from the first crystallization. It was not possible to prepare the 
second semicarbazone directly. 

From the mixture of acids, chrysanthemum monocarboxylic acid 


and two other acids (chrysanthemum dicarboxylic and chrysanthe-_ 


mum dicarboxylic-acid-mono-methyl-ester) were obtained. When 
treated with ozone chrysanthemum dicarboxylic acid yielded trans- 
caronic acid and levulinic acid. [ts methyl ester yielded trans- 
caronic acid and levulinic acid methyl ester. 
From these results it follows that chrysanthemum dicarboxylic 
acid methyl ester must have the structural formula 
CHs 
(CH3)2,cC—CH CH=C 
\coocHs 
H C COOH 


eae —_—_ | 


a ee a a ee 


nd a Pe, 


ee ae ae a ee 
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This acid was converted into the chlorid and combined with 
pyrethrolon to form pyrethrin II, which is represented by the formula 


CH3 


| 
CH 


PE EGAN 
H.C CHCH,CH=C=CH(CHs)s 
H CoO CH3 
CHCH=C”% 
OC 0 CH” \coocH: 
N(CH): 


Thus the pyrethrins are esters of pyrethrolon with chrysanthemum 
monocarboxylic acid and ch yadnthiontiha dicarboxylic acid methyl 
ester. The toxic principles of pyrethrum consist of about 40 per 
cent of pyrethrin I and 60 per cent of pyrethrin IT. 

The foregoing formulas contain five asymmetric carbon atoms and 
are highly unsaturated. Owing to their extremely complicated 
nature, there is little or no hope for the technical synthesis of pyreth- 
rin I and II. 

Because of the possibility that less complicated compounds con- 
taining some essential grouping might have properties similar to 
those of the natural products, a large number- of esters in which 
pyrethrolon was combined with various acids and in which various 
alcohols were combined with the chrysanthemum acids were pre- 

ared. In a very few cases the resulting products were toxic, but 
in no case did the toxicity approach that of the natural pyrethrins. 
Even when an acid differmg from chrysanthemum acid by having 
one methyl group replaced by hydrogen was combined with pyrethro- 
lon, the product was only about one-eighth as toxic as the natural 
product and synthetic pyrethrin containing inactive chrysanthemum 
acid was very much less active. The reduction of one or more doubie 
bonds in either the acid or the alcoholic component completely 
destroyed the toxicity. Compounds of the chrysanthemum acids 
with bases were completely inactive. There seems therefore to be 
little prospect of obtaining commercial synthetic insecticides related 
to the pyrethrins. 


DISTRIBUTION OF THE ACTIVE PRINCIPLE IN CHRYSANTHEMUM 
CINERARIAFOLIUM 


It has long been known that the flowers of the Chrysanthemum 
cinerarixfolium possess insecticidal properties. The action of the 
stems is so slight that they are practically worthless as an insecticide. 
It has been generally supposed that the buds, or “closed”’ flowers, 
are more active than the mature or “open” flowers. The trade 
formerly divided insect flowers into three grades: “ Closed,” “half- 
closed,” (or “half-open”’),and “open.’”’ The “closed” flowers usually 
sold for about twice as much as the “open” flowers, which would 
imply that their insecticidal power is correspondingly greater. 

Gerard (93) is the only investigator who states in what part of 
the flower the active principle is chiefly found. According to him 
there are two active substances, an oleoresin and an essential oil, 
_ which are found principally around the ovaries of the flower, and to 
~ asmall extent in the corollas. 
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The work on insect flowers and stems here reported, in which it is 
shown that the nitrogen content increases with the grade of the 
product, led to a determination of this constituent in the different 
parts of the flower. At the same time a test on insects was made 
to see if the insecticidal effect of these parts was related to the quan- 
tity of nitrogen present. Typical commercial “open” flowers (C. 
cinerarvefolium) were dissected into their principal parts. In most 
commercial samples, the greater number of the flowers have lost 
their disk and ray flowers, and consist only of fruit, receptacles, 
and involucral scales. The fruit amounted, on the average, to 
80.5 per cent, the receptacles to 10.8 per cent, and the involucral 
scales to 8.7 per cent of the whole flowers. Enough disk flowers 
were collected to determine their nitrogen content, but these were 
lacking in so many of the “open” flowers that their natural relative 
proportion could not be determined. Their normal actual per- 
centage by weight, however, is very small. The results of the 
analyses are given in Table 49. 


TABLE 49.—Determination of nitrogen content of insect flowers 


Percentage 

Sample Nitrogen of total 

nitrogen 

. Per cent 

By AIe-+7 OEM: + HOW Ole. 5 ee oes | eee Se eae ee Bee ee ee 1:26 |. 2 eee 
TULL certs trap eee 4 Bonen ape lt NUS hE pry eine | Meee pete ts ae bay feet ae ean a es nee ee ee gg 1. 40 89. 4 
FRECEPtAeleS 2 oF: St Leh aa ES Bese SOREL bie SRE NOSE aE CEs eee Sa ee . 67 5.7 
TESCO To Coes Relea ocd epee ey Seed tendiae se FF Ua aN Sie ath et See Ue IE op t Be ee eh . ol 3.5 
REDS Kc ETOWiCT So ec ee ea ent ree er ne EN cease es go Reich POE eee 68: [Zan ee eee 


The nitrogen in the fruit of five other samples of “open”’ flowers 
was also determined, with the results shown in Table 50. 


Taste 50.—N itrogen in fruit and flowers of insect flower plants 


: Entire ‘‘open’’ 
Fruit flower 
Per cent Per cent 
1. 34 1.31 
SY 1. 22 
1. 34 
1. 24 125 
1. 26 1. 25 


These results show that the fruit from commercial samples of 
‘‘open’’ flowers contains about 90 per cent of the total nitrogen. 

I. W. Scott and W. S. Abbott, of the Bureau of Entomology, 
conducted practical tests on roaches to determine the relative insecti- 
cidal strength of different parts of the finely powdered flowers. The 
roaches were dipped in the powder until all parts of the body were 
covered with it, and then placed in 8-ounce bottles, 1 insect to a 
bottle, 10 insects being used in each test. All of the insects were 
allowed ventilation, but no food or water. The average of the 10 
tests for each powder is given in Table 51. 
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TasLe 51.—Insecticidal strength of finely-powdered parts of insect flowers 


Time . 

. Time 
nea Source cones | required 

paralyze to kill 

. : ; Minutes | Hours 

1 | Entire “open” flowers of C. cinerarizfolium____._.-.--.------------------- | 35 7 21 
EAMMERRESATN IC Lote orien ee eg Sy ee 2.4 1914 

Baie het yallowersirom sample diss Fee se Oe a ee We 1, 800 63 
Pa PTVCCOB AE OMnOM] SALLI G. ban sete a ee goles ee 90 50144 

aD OMICEC TOME GAINING Ere tn na ees noe ae ol ee = 240 80 
Disk flowers from ‘‘closed”’ flowers of C. cinerarizfolium____._____-__-_____- 8 314% 

TTS ere a ie ee ean er eas San ee SS a eae he Se eg OO ye ag pe ares eal Os 131 

SeeE LOWEESIOL CAROSCUAB ete eka SS) EE ECT aS ep ERS TET oe 7 23 
OREO MeCkemtr ey seberer rt ee Rr ete oy oP iti ie pce! ihe ese eae 23614 


Apparently the fruit and disk flowers of Chrysanthemum cinerar- 
rxfolium are the parts most active in paralyzing and killing roaches. 
These parts show the highest content of nitrogen, so that this element, 
although not actually a constituent of the active principle, appears to 
be present with it in a constant ratio, and hence can be used as a 
measure of the insecticidal activity. 

Summary of work on the actwe principle—All common organic 
solvents completely remove the insecticidal principle from the flowers 
of C. cinerariefolium. The insecticidal principle is not removed by 
a steam distillation. Water and dilute acids do not dissolve it, but 
dilute potassium hydroxid solution removes all of the activity from 
the powdered flowers. The active principle consists of two closely 
related complicated esters (pyrethrin I and pyrethrin IJ), present in 
the flowers to the extent of 0.2 to 0.3 per cent. The chemical nature 
of these two compounds is now well understood. Slight changes in 
their chemical structure greatly decrease their toxicity and in most 
cases destroy it completely. There seems to be little prospect of 
their commercial synthesis or of obtaining toxic compounds related 
to them but of less complicated structure. 


SUMMARY 


The fact that flowers of certain species of Pyrethrum have the 
property of killing various insects was known to the eastern Kuropeans 
more than a century ago. Since then this knowledge has gradually 
spread, until insect powder is now a common household convenience. 
This powder owes its insecticidal activity to a mixture of esters, the 
chemical nature of which is now well understood. These esters first 
benumb and then kill the insects brought into contact with the 
powder. Although generally considered to be harmless to the higher 
animals, it has produced symptoms of a more or less serious nature 
in a number of cases, according to the records in the literature. 

Insect flowers are now cultivated commercially in Dalmatia, Japan, 
Australia, France, Algeria, and California in the United States, the 
first two countries producing nearly all of the flowers that enter into 
international trade. The powder is made in each of these countries. 

In the enforcement of the insecticide act, insect powder has been 
found adulterated in a variety of ways. In some instances such sub- 
stances as lead chromate, curcuma, and yellow ocher are added to give 
color. Other species of flowers, like the Hungarian or ox-eye daisy, 
are substituted in whole or in part for the true insect flower. Almond 
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shells, brick dust, hellebore, pepper, sawdust, starch, sumac, and 
the like have been found less cen in samples examined. The 
ground stems of the Pyrethrum plant and powdered ox-eye daisy 
flowers constitute probably more than 90 per cent of the adulterants 
used in insect powder at this time. 

Physiological, chemical, and microscopical methods which can be 
used. satisfactorily in detecting adulteration with powdered stems 
and ox-eye daisy flowers have not yet been perfected to such a degree 
as to make an accurate quantitative determination possible. How- 
ever, from the data obtained in the examination of hundreds of 
samples of genuine insect powder, oi the materials used for its 
sophistication, and of commercial samples, the results of which are 
reported in this bulletin, it 1s possible to determine in an insect 
powder the approximate quantities of these adulterants if present. 
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